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here’s why a Celestar 
is your best 
telescope buy 


The performance of Celestar telescopes makes 
the study of astronomy even more interesting 
and exciting. You'll be able to see: double 
stars down to the theoretical limit of resolution; 
details in the belts of Jupiter; surface markings 
on Mars; the phases of Venus; the ring system 
of Saturn; fine surface detail on the moon; 
galactic nebulae and star clusters. 


UNEXCELLED OPTICS 

A telescope is only as good as its optics, and 
the optics in the Celestars are unexcelled. They 
are made by Fecker craftsmen who are long 
experienced in the manufacture of large observa- 
tory telescopes. The hand-corrected spherical 
and aspheric surfaces are accurate to 4% wave 
length. All of the mirrors are of the highest 
quality pyrex, aluminized, and quartz over- 
coated for surface protection. The refracting 
optics are coated with magnesium fluoride to 
minimize reflection. Celestars have resolving 
powers that equal or exceed theoretical limits. 


MANY PROFESSIONAL FEATURES 
Attractively styled, the Celestars are modern, 
precision instruments with many features gen- 
erally had only on telescopes costing much more: 
e Fork type, equatorial mounting; no counter- 
weights to set. 
e Sturdy, telescope tripod that will not wobble. 
e Electric Drive for automatic tracking, effort- 
less viewing. 
e 30 mm clear aperture finder telescope. 
e Setting Circles—Right Ascension and Decli- 
nation—for ease in locating objects. 
Durable, aluminum tube; will not warp; 
maintains perfect collimation when once set. 
e Slow motion adjustments for accurate settings. 
e Rack and pinion focusing for fine adjustments. 
e Easily portable. With an inverter, the electric 
drive can be operated from a car battery. 


The Celestar-4 has a Newtonian optical system 
of 4 inches clear aperture. Its effective focal 
length is 35 inches. Two Ramsden eyepieces and 
a Barlow lens provide four magnifications: 35X, 
70X, 105X, 210X. Complete price, only $4Qg@5° 


The Celestar-6 features a newly developed cata- 
dioptric optical system. Its effective focal length 
is 90 inches in a tube only 35 inches long. The 
reflector supports are so arranged as to elimi- 
nate spider diffraction completely. A Kellner 
and two orthoscopic eyepieces are furnished in 
a turret adapter, giving magnifications of 90X, 
180X, 270X. Complete price, only $4Q500 


A 35 mm Praktica reflex camera with a focal 
plane shutter and camera adapter is available 
for the Celestar-6 for an additional $89.50. 


All prices are f.o.b. Pittsburgh, Pa., and are subject to change 
without notice. Applicable state and local taxes are in addition. 


j-w-. fecker inc. 


A subsidiary of American Optical Company 


6592 HAMILTON AVENUE, PITTSBURGH 6, PA. 
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; LET Tans 


After publication of my article on astro- 
nautical periodicals in the February issue 
of Sky and Telescope, page 169, I was in- 
formed of the activities of the Sociedade 
Interplanetaria do Rio de Janeiro in 
Brazil. This society, which was organized 
in November, 1956, publishes a mimeo- 
graphed bulletin in Portuguese. 

The organization has about 120 mem- 
bers, and plans to become a member of the 
International Astronautical Federation. 

FREDERICK I. ORDWAY, III 
General Astronautics Corporation 
Sir: 

In reference to Otto Struve’s remarks 
on the rarity of supernovae (January and 
February issues, pages 116 and 174 respec- 
tively), the following extract from a letter 
written on December 11, 1572, may be of 
interest. It appears in an old volume 
(1846) titled Original Letters, Illustrative 
of English History, collected by Sir Henry 
Ellis (3rd Series, Vol. 1V), which I hap- 
pened to read recently in connection with 
some research on the early history of 
Puritanism. 

The writer of the letter was Sir Thomas 
Smith, a leading Protestant reformer and 
Elizabethan statesman who had just re- 
turned from a mission in France; he was 
writing a colleague still in France. Smith, 
of course, is speaking of Tycho’s super- 
nova. 

“IT am sure you have heard of, and I 
thincke you have seene the new faire 
Starre, or Comett, but without beard or 
taile, which hath appeared here this three 
weekes, over the backside of the Chaire of 
Casseopea, and on the edge of Lactea Via; 
bignes is betwixt the bignes of Jupiter 
and Venus, and keepes, to my appearance, 
who have noe Instruments to observe it, 
and because of this cold weather also dare 
not, the precise order of fixed starres. 
Such an one never have I observed nor 
read of. I pray you lett me knowe what 
your wise men of Paris doe judge upon it.” 

WARREN H. CARROLL 
Department of History 
Indiana University 
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COLOR ON THE MOON 


V. AXEL FirsorF, British Astronomical Association 


UNAR COLORINGS are generally 
a faint. In fact, at first glance the 

moon looks colorless. At night, the 
moon makes a dazzling telescopic sight 
even with a moderate aperture and mag 
nification, for its brilliantly sunlit land- 
scape 1s suddenly presented to the observ 
er’s dark-adapted eye. If we add to this 
the habit of looking at black-and-white 
lunar photographs and drawings, it is no 
wonder we see the moon's surface in 
monochrome. 

Personally, I can hardly make out any 
lunar until I ask myself how I 
would paint a particular feature. Then 
the color appears and stays. Withdraw- 
ing the eye from the eyepiece is also help 
ful, to restrict the field and isolate the 
feature under observation from its back- 


color 


eround. 

One of the most definitely colored areas 
is a diamond-shaped stretch northeast of 
\ristarchus. This is easily made out as 
mustard yellow when the nearly full 
moon is high in the sky. Closer to quar- 
ter phase, the greenish-khaki tone of the 
southwestern foothills of the Apennines, 
where these mountains touch the Haemus 
range, is almost equally distinct. 

Colors seen at phases much less than 
full are usually stronger and often differ 
ent from those at full. The reduction in 
elare may have something to do with this, 
but the angles of incidence and reflection 
are certainly important factors. For visual 
color study, the moon should be high and 
the air clear. A low moon appears golden, 
because then scatters 
more of the light of short wave lengths. 
In fact, in thinking of lunar colors, we 
must never forget the earth’s atmosphere. 

Thus, in comparing lunar or planetary 
colors with those of terrestrial objects, we 
should not think in terms of our imme- 
diate surroundings but of horizon views, 


oul atmosphere 


preferably telescopic, seven to 10 miles 
distant. Mountains provide the most suit- 


FACING PICTURE: The moon in 
ultraviolet light (left column) and ex- 
treme red (right column), photo- 
graphed with the Lick 36-inch Crossley 
reflector by W. H. Wright and Dorothy 
Applegate in September, 1926. The 
top two pictures are of the 10-day-old 
moon, the middle two at 15 days, and 
the last two at 20 days. The flattened 
edge in the second left-hand picture 
was caused by the filter boundary; the 
white hairline across Mare Serenitatis 
(second right-hand picture) and the 
white spot between Arzachel and Al- 
phonsus in the lower left view are 
photographic defects. From “Publica- 
tions” of the Astronomical Society of 
the Pacific. (See chart on page 331.) 


able standard of comparison with the 
Scottish hills 
through the same telescope I was using 
for lunar work, and found that generally 
the variety of hue was not much greate? 


moon. I have observed 


than on the moon, although grass, heather, 
rock, 


present. If we 


peat, scree, bare water, and snow 


were undoubtedly could 
see the moon without the interference of 
our atmosphere, it would appear far more 
colorful than it does now. 

Only predominant hues reveal them- 
distant eye, especially if a 
monochromatic filter is used. Such a filter 


selves to a 


transmits only a narrow band of wave 
lengths. For example, if red predomi- 
nates in an observed feature, it will look 
bright through a filter and dark 
through a green or blue one. A yellowish 


surface may be comparatively bright with 


red 


either a green or a red filter, but a blue o1 
violet filter may show it coal black. Mono- 
chromatic filters can also reveal slight dif- 
distinction to 
identical 
white of 


ferences of hue and allow 


be made between seemingly 


blacks. The 
snow, for instance, is not quite 


whites, grays, 01 
the same 
as that of quartz or magnesia. 

In the past, some lunar observers have 
used filters that were not fully monochro 
affected then 


excellent 


matic, which adversely 


results. Nowadays, lowever, 


monochromatic filters are available in the 
Wratten 
other makes (I 
Dufay tricolor set). 


(Eastman), as well as in 
the 


series 
am using mainly 

To trace faint gradations of intensity, 
comparisons between different color im- 
ages must be made in quick succession. 
Therefore, I mounted a set of filters on a 
swivel behind the eyepiece, so that any of 
them could be brought to bear on the 
moon within a fraction of a second. My 
observations referred to below were ob- 
tained in this way, and cover several hun- 
dred made at different 
lunations over a period of three years 
(1953-56). 

My work, taken with the data of other 
observers, clearly shows that various colors 


determinations 


exist on the moon, many of them subject 
to variation in the lunar 
day, with possibly slower or nonperiodic 
changes as well. Individual findings gen- 


the course of 


erally agree, but considerable marginal 
differences persist. 

Between 1910 and 1930, photographs of 
the moon were taken through color filters, 
first by R. W. Wood in the United States, 
and later by observers in Germany and 
Russia. Miethe and Seegert made ultra- 
violet and orange photographs, identify 
chromatic differences on 
the 
were subsequently confirmed in the 1926 


ing numerous 


the surface of moon, most of which 


survey made at Lick Observatory by W. H. 
Wright and Dorothy Applegate. Using 
the 36-inch Crossley reflector, the Califor- 


nia astronomers secured some very fine 
negatives in ultraviolet, violet, green, 
orange, red, and extreme red. Six of 


these pictures are reproduced here from 
Wright’s paper in Publications of the 
Astronomical Society of the Pacific, 41, 
125, 1929. 

Comparison of the two sets of pictures 
is informative, even though markings of 
intermediate color, including light greens, 
would come out about equally intense in 
both sets. The photographic processes for 
the ultraviolet and extreme-red pictures 
were different, which have intro- 
duced systematic effects. I that 
the far greater tolerance of the eye to con- 
trast makes visual comparison superior, 


may 
believe 


although it does not provide an objective 


record. 

Wright noted the pallor of Mare Frigor- 
is in extreme red. (I have found this 
area distinctly yellowish.) His photo- 


graphs seem to show plainly what he does 
not mention, that the maria are generally 
more uniform in ultraviolet, while light 
of longer wave length seems to prevail 
among the highlands and some parts of 
the maria. Apart from the Aristarchus 
“diamond,” the most conspicuous color 
areas are dark in extreme red and so pre- 
sumably are intrinsically green or blue: 
the northeastern portion of Mare Im- 
brium, just south of Sinus Iridum, and in 
Mare Tranquillitatis and the edges of the 
plains adjoining it. There is a good deal 
of yellow and red in Oceanus Procellarum, 
and in parts of Mare Imbrium and Mare 
Serenitatis. 

In recent years, an American amateur, 
D. P. Avigliano, carried out a systematic 
color survey of the moon, photograph- 
ically as well as visually, with and without 
filters. Since black, gray, and white, which 
he lists among the colors observed by him, 
represent coloration, while 
brown may be regarded as a shade of red 
or yellow, Avigliano has found on the 
moon only two colors, yellow and a little 
red. He states that his results are fully 
confirmed by his color photographs. On 


absence of 


the other hand, Latimer J. Wilson is said 
to have obtained color photographs show- 
ing green in the maria. 

Color photography, however, is not an 
impartial test. Any dominant color tends 
to smother all the rest. Also, overexposure 
gives a red bias, and underexposure exag- 
gerates the shorter wave lengths. Thus, 
through differing exposure 
times Wilson and Avigliano could easily 
get quite different results. 

It is improbable that no colors other 


choices of 
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Three drawings that show areas of special interest discussed in the text. They 
are Eratosthenes, Copernicus, and the region of Mare Orientalis. 


than yellow and red exist on the moon. 
Many visual observers have described 
green, blue, and violet hues, their 
presence is confirmed by Wright's photo- 
Avigliano admits as much, and 


and 


graphs. 
suggests differences in individual vision as 
a possible explanation. In many cases the 
color observed is olive or khaki, on the 
boundary between green and brown; 
purple is often described as brownish, 
and blue as very close to gray. 

From 1934 to 1937, color observations 
were made in Germany by the Arbeits- 
gruppe fiir Mondbeobachtungen (Work- 
ing Group for Lunar Observations), 
headed by F. Kaiser. Its members noted 
green in Mare Serenitatis, an occasional 
brown in Plato, as well as a cyclic varia- 
tion in Ptolemaeus from gray or olive in 
the lunar morning to a yellowish tone 
toward evening. 

Extensive observations by Walter H. 
Haas and his collaborators were réported 
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in the Journal of the Royal Astronomical 
Society of Canada, 36, 317, 1942. They 
described striking but very transient low- 
sun colors, chiefly on dark crater floors 
near the terminator. The hues were 
usually greens, sometime browns, 
perhaps occasionally purples (or blues). 
High-sun colors, they found, were quite 
inconspicuous but very stable, being blue 
or purple in the dark areas, with delicate 
brown shadings and sometimes both blue 
and brown. Greens more than two days 
from the terminator were very rare. 

In his book, Our Moon, H. P. Wilkins 
speaks of the greenish tint in Mare Crisi- 
um, Mare Tranquillitatis, Mare Humo- 
rum, and within the rings of Grimaldi 
and Ptolemaeus. I have never seen any 
strong green in Mare Crisium or Mare 
Tranquillitatis, but without filters I have 
noticed an olive tone in the latter and in 
Mare Serenitatis, also a bottle green in 
the dark spots of Sinus Medii and Mare 


and 


Vaporum, as recorded by Rudaux. My 
observing book on September 11, 1954, 
for a practically full moon, reads: 

“Western maria, Humorum 
Vaporum, noticeably darker in all colours, 
but especially in dichromatic purple (sup- 
presses green), which throws them into 
bold relief. This would indicate a green- 
ish tinge. Oceanus Procellarum and Mare 
Frigoris very pale in green and yellow. A 
yellowish-green hue can be made out even 
without filters.” 

This observation is in excellent agree- 
ment with Wright’s photographs. Indeed, 
this yellowish-green tone appears to me to 
be most widespread on the moon, varying 
from brimstone to khaki. In the light of 
moon, when the crescent 
appears reddish from contrast with the 
blue twilight sky, filters make it evident 
that the green component is strong; it is 
not quite so strong in a waning crescent. 
This greenness is spread over the whole 
disk, being very prominent in the earthlit 
portion. Earthshine is usually described 
as bluish, but my tests always put it first 
in green. 

Most of the bright crater rims, floors, 
and rays are brightest in green. Occasion- 
ally, terminator heights show a_ strong 
green reaction, but usually they are 
brightest in red. Avigliano also noticed 
this effect, which I have verified again 
and again — even a deep-red Wratten 70 
filter clearly shows terminator detail in- 
visible in blue and violet. 

Let us view the moon_ successively 
through filters of different colors. In red 
the maria are dark, and the general relief 
is Clear near the terminator. Differences in 
brilliance due to angle of illumination 
appear to be fairly smoothed out, while 
the limb brightening is less striking than 


also and 


a young even 


without a filter. 

With a yellow filter the maria are gen- 
erally paler and the contrasts of light and 
shade are somewhat subdued, except for a 
few minor markings such as the spots in 
Eratosthenes, which appear very dark. 

A green filter brings out all the bright 
features, especially Tycho’s rays, but there 
is a perceptible fading along the termina- 
tor, and the brilliance of the limb is 
enhanced. 

In blue light the terminator’s features 
are dull, some of its highlights barely 
being made out, but the limb is much 
brighter than the rest of the disk. This 
brightness spreads out at the poles into 
“caps,” to which attention was first called 
by W. H. Pickering, who was also using a 
blue filter. Several minor bright areas are 
seen scattered about the lunar disk, mainly 
associated with the rayed craters. 

In violet, the whole picture is duller 
still, the terminator detail being barely 
visible unless the moon is very high in a 
clear sky. The limb brightening is nar- 
rower than in the blue but remains strong, 
while the caps and some of the blue-bright 
regions appear slightly hazy, as though 
seen through a luminous veil. 
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Drawings by the author show color distributions in Grimaldi (left) and Plato 
(right), seen with a 64-inch reflector at 200x, from 22:30 to 22:50 Universal time, 
August 6, 1955. The boundaries are only approximate. 


\lthough changes in the blue and violet 
features are in part undoubtedly due to 
variations in our atmospheric transmis- 
sion, such changes are not uniform over 
the disk. In particular, near the eastern 
limb, just west of Mare Orientalis, there 
is & conspicuous dark valley (‘‘a flooded 
crater chain”), which is occasionally so 
faint in blue and violet as to be nearly 
invisible, while it remains perfectly evi- 
dent in all the other \nother 
similar area covers the craters Walter and 
Regiomontanus and the neighborhood of 
Hell. 


colors. 


the crater 
Key To CHART OF MOON 

Schickard 46 Goldschmidt 

2 Schiller 47 Aristoteles 

} Scheiner 18 Eudoxus 

| Longomontanus 19 Cassini 


5 Wilhelm I 50 Plato 

6 Tycho 51 Aristillus 

7 Maginus 52 Autolycus 

8 Clavius 53 Archimedes 

9 Newton 54 Timocharis 

10 Cuvier 55 Eratosthenes 

11 Stéfler 56 Copernicus 

12 Maurolycus 57 Aristarchus 

13 Pitiscus 58 Herodotus 

14 Vlacq 59 Kepler 

15 Janssen 60 Encke 

16 Fabricius 61 Herschel 

i7 Zagut 62 Hevelius 

18 Piccolomini 63 Riccioli 

19 Furnerius 64 Grimaldi 

20 Walter 65 Gassendi Ww 

21 Regiomontanus 66 Mersenius 

22 Purbach 67 Pitatus 

23 Arzachel A Leibnitz Mts. 

24 Alphonsus B Mare Australe 

25 Ptolemaeus C Aitai Mts. 

26 Hipparchus D Pyrenees Mts. 

27 Albategnius E Mare Smythii 

28 Abulfeda F Palus Somnii 

29 Catharina x Mare Humboldt. 

10 Cyrillus H Haemus Mts. 

}1 Theophilus I Caucasus Mts. 

)2 Fracastorius J Apennine Mts. 

13 Santbech K Carpathian Mts. 

i+ Petavius L Straight Range 

3 Phillips M_ Laplace Prom. 

16 W. Humboldt N_ Sinus Iridum 

7 Vendelinus O Heraclides Prom. 

18 Langrenus P Alps Mts. 

19 Macrobius Q Alpine Valley 

1) Cleomedes R Riphaeus Mts. 
Gauss S Straight Wall 
Posidonius T Palus Putredinis 
Hercules U Palus Nebularum 

t+ Atlas V Cordillera Mts. 

t5 Endymion W_ Doerfel Mts. 


The yellow diamond northeast of Aris- 
tarchus might be expected to appear very 
dark in violet and ultraviolet light. 
Wright’s photographs show this. Yet I 
have often found it pale through a violet 
filter, and A. G. Smith, observing with an 
electronic image converter, also failed to 
see the expected ultraviolet darkening. In 
addition, he bright ultraviolet 
area between Copernicus and the south- 


noted a 


ern Apennines. He drew attention to the 
peculiar behavior of certain bright rays, 
sometimes strong in ultraviolet and some- 
times in infrared. 

Most of the changeable dark markings 


S 














4p) SERENITATIS 


Pi Sos os : oF. 
ee ew, 
LACUS ne ey 
ADO"): 
4 BY, i: 





N 


- ° A V \ 
cs, tie o 2 a } \ \ 
ne 3 MP aye ; LY 
or “e UM: <a 
a3 le, eC OCEANUS WM" 
Pad _— ie we te 
> HARE ae Saou - Fg 
Berra seated MARE” .- Cys. oe | 
TRAN QUILITATIS Raat eco Pacts a 
‘ ahr. ws ™ “yneonun’ =: . . oe eC F . P ' : 
~ ae are -. ; Oo litt % uP 
a YY wg : . ; ae 55 ie AC PROCELLAR 
her ft, oc Re eee fas . : a a e ab ture ” s ne 7 
RR 0 + Onin eae Din Arama vcs oe eae (Soe 0°s8 ° 
Ot €. wees Oa: nate. * ... 2+ eee 
39 Pee ty 


“s © ee: : Bip ren 
Ra Nae MS 


show some coloration, usually 
brown, or blue, often varying from one 
hue to another. The shaded areas of 
Eratosthenes, however, have a distinct 
violet tone, as was noticed by Pickering. 
his is startlingly demonstrated by mono- 
chromatic filters, when comparison is 
made with the nearby greenish markings 
of Sinus Medii and Mare Vaporum. 
Wright’s photographs confirm this effect. 
Some markings, including the dark area 


cree 
green, 


in Riccioli, are of an indefinite blue- 
brown hue which Rudaux describes as 
smoked. 


The general picture of color change is 
that the moon is greener at lunar sunrise 
than at sunset, and greener at the cres- 
cent phase or near the terminator. ‘The 
weakening of the component is 
paralleled by an intensification of the vio- 
let hue in the maria, certain craters, and 
localized areas. Some green, brown, blue, 
and violet hues persist in the maria and 
inside the rings. These probably repre- 
sent the intrinsic coloring of the rocks or 


ereen 


surface deposits. 

It would be desirable to obtain progres- 
sive filter photographs to study these 
effects, but changes in exposure times can 
play havoc with the relative intensities of 
the colors. 
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Chart of the moon drawn by Hugh S. Rice, American Museum-Hayden Planetarium. 
South is at the top, corresponding to the view in an astronomical or inverting 
telescope. 
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Vanguard I was protected by this nose 
cone of phenolic plastic. The two 
halves of the cone opened like a clam 
shell before the six-inch test satellite 
was propelled into its orbit from the 
third stage of the rocket. 


Two New ArTIFICIAL SATELLITES 


j pens MONTH of March saw impor- 
tant progress in the satellite-space ex- 
ploration field. On March 17th the Naval 
Research Laboratory launched its six-inch 
test satellite, Vanguard I; on the 26th, the 
\rmy’s Explorer III was placed in orbit; 
and the following day came the an- 
nouncement of President Eisenhower's ap- 
proval of Defense Department plans to 
send up lunar probe rockets. 

The slim 72-foot three-stage Vanguard 
rocket incorporated some significant inno- 
vations. Its liquid-propelled first stage, 
14 feet long, operated without stabilizing 
fins or vanes. The saving in weight, and 
therefore in power, was considerable, and 
a thrust of only 27,000 pounds was re- 
quired, compared with the 80,000 pounds 
for the first stage of the Jupiter-C which 
launched Explorer I. 

Vanguard's 31-foot second stage 
duced 7,500 pounds of thrust from a high- 
energy liquid fuel known as unsymmetri- 
The third stage 


pro- 


cal dimethyl! hydrazine. 
employed a solid-propellant rocket to raise 
the speed from 8,500 miles per hour to 
about 18,000. At this point, the burned- 
out third stage opened to release the satel- 
lite sphere. The mechanism for this can 
be seen in the accompanying photograph 
of the Vanguard nose cone. 

Intended solely as a test, the new moon- 
let contains no instruments except two 
radio transmitters. One, powered by mer- 
cury batteries, was to send a 10-milliwatt 
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signal for about two weeks. The other 
transmitter is solar powered, and its five- 
milliwatt 108.03 megacycles 
should continue indefinitely. 

The orbital period of the Vanguard 
satellite, 19588, was 134.29 minutes on 
March 27th. Both the apogee and perigee 
heights, on that date 2,466 and 404 miles, 
respectively, were greater than for any 
previous artificial satellite, corresponding 
to an orbital eccentricity of 0.191. Be- 
cause of the high perigee point, years will 
elapse before air drag will bring this ob- 
ject to its eventual destruction in the 


signals at 


dense lower atmosphere. 

The Army missile launched from Cape 
Canaveral on March 26th is known as 
Explorer III, the name Explorer II having 
been used for the vehicle which failed to 
attain orbit 11 days earlier. As with the 
earlier Explorers, a three-stage Jupiter-C 
rocket was used, and the new satellite is 
also an 80-inch-long pencil-shaped object. 

The satellite casing itself serves as the 
antenna for the two radio transmitters 
operating at the standard Minitrack fre- 
quencies of 108 and 108.03 megacycles. 
intensity measurements 
not telem- 


The cosmic-ray 


made from this satellite are 


etered to earth continually, as with Ex- 


plorer I. Instead, at a command from any 


of the 11 radio-tracking stations, a tape 


recorder reports in five seconds the data 


gathered within the previous 135 minutes. 


This satellite, 1958y, had been planned 


to move in an orbit with an apogee height 
of 1,270 miles and perigee at 


218 miles 


above the earth’s surface. But the orbit 
turned out to be more eccentric than in- 
tended, the actual distances being 1,677 
and 119 miles on April 3rd. At that time 
the period was 114.56 minutes, and short- 
ening by 0.165 minute per day. On April 
3rd, after 91 revolutions around the earth, 
the apogee height was lessening by about 
nine miles per day. The probable life- 
time of 1958y will therefore be relatively 
short, an early estimate by the Naval Re- 
search Laboratory being four to six 
months. 

The earth now has more known moons, 
natural and artificial, than the planet 
Uranus. With the growing number of 
temporary denizens of the upper atmos- 
phere, the observing record set on March 
20th at Albuquerque, New Mexico, may 
soon be surpassed. This was the sighting 
at one MOONWATCH session of three 
different satellites — Sputnik II, Vanguard 
I, and Explorer I. 

At Albuquerque, the Kirtland Air Force 
Base MOONWATCHERS used 25 modi- 
fied M-17 telescopes, as this is a special 
station equipped for apogee observations, 
together with a mobile radio receiver for 
advance warning that morning. Sputnik 
II was seen with the naked eye on its 
approach. But two objects were recorded 
telescopically, the second one passing two 
minutes 36 seconds later and 33 degrees 
lower in the sky. One of these was the 
Vanguard rocket carrier, the other its six- 
inch sphere. Less than 40 minutes later, 
the same team sighted Explorer I. 





The first photograph of the third-stage rocket of Vanguard I was taken on 

March 19th at 4:11 a.m. Mountain standard time, by E. Horine and J. Emerson 

with a Harvard super-Schmidt camera at Organ Pass, New Mexico. The track 

of the satellite starts at the left above Gamma Bootis, moving eastward past 
Beta Bootis. Smithsonian Astrophysical Observatory photograph. 
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EXPLORATION OF THE Moon 


LONG-RANGE program for scien- 
A tific research in outer space has been 
esented to the National Academy of 
iences, providing a searching look into 
he space-exploration projects that may 
undertaken as a continuation of the 
International Geophysical Year. 

[he proposals, prepared by the earth- 
satellite technical panel of the U. S. Na- 
tional Committee for the IGY, would 
extend already familiar artificial-satellite 
and sounding-rocket studies. In addition, 
there are suggestions for new biological 
experiments, ultraviolet solar  photo- 
eraphs, and the like. 

A major section of the recommenda- 
tions deals with the moon. The simplest 
lunar experiments would involve striking 
the moon with a rocket. The impact 
velocity would be about 9,000 feet per 
second for a vehicle taking two or three 
days for the trip from the earth. Other 
observations would require circumlunar 
orbits, in some cases with instruments 
being lowered to the moon’s surface. 
Much later, manned vehicles may be 
capable of landing on the moon. 

The most useful experiments will be 
those that give information about the 
moon as a whole, rather than about some 
one place of impact. In_ particular, a 
measurement of the moon’s mass is de- 
sired, for our present estimates may be in 
error by one part in 3,000 — enough to 
affect the calculations of moon-rocket 
trajectories. One method of mass deter- 
mination would be to track a rocket ap- 
proaching the moon, by means of a radar 
altimeter and a Doppler-drift measuring 
device inside the vehicle. Or such an in- 
strument as a pendulum could be landed 
for the measurement of the acceleration 
of gravity at the moon’s surface; but un- 
certainty in the precise distance of the 
measuring instrument from the center of 
the moon would probably limit the ac- 
curacy of this method. 

\ space vehicle could measure the 
moon’s magnetic field, about which no 
definite information is yet available. At 
the distance of the moon, the terrestrial 
field is only 0.14 gamma (about 1/350,000 
that at the earth’s surface). The lunar 
field may be much stronger than_ this, 
perhaps due to internal circulations while 
our satellite was cooling; or it may be that 
the moon’s magnetic field does not align 
itself with the extension of the earth’s 
field. The establishment of either possi- 
bility would be important for tracing the 
history of the earth-moon system. 

\nother project concerns whatever at- 
mosphere the moon may have, for it is 
too rarefied for astronomical observations 
to give any sure indication of its existence. 
kven heavy gases would slowly escape 
from the sunlit side of the moon. But 
perhaps gas trapped in the crust is steadily 

iking out, so there would be a very 

uous but constantly replenished lunar 
tnosphere (see page 342). 


Both the density and atomic composi- 
tion of such an atmosphere might be de- 
termined with a lightweight mass spectro- 
graph. If successful measurements could 
be made at the moon’s surface, they would 
aid in understanding the constitution of 
the crust and its origin. 

Seismic observations would prove very 
valuable. For example, listening for 
moonquakes would be one way to estab- 
lish whether or not the moon has a 
molten core. Also, the impacts of large 
meteoritic masses striking anywhere on 
the moon might be detectable as waves in 
the crust. 

The methods of seismic prospecting 
are available if an explosion could be 
caused on the lunar surface at a known 
time and distance from the recorder. The 
original shock wave, after traveling a 
short distance in the crust, would break 
up into groups of waves traveling at dif- 
ferent speeds and along different paths, 
so the seismic recorder would need con- 
siderable time resolution — its data would 
be transmitted to the earth by a playback 
mechanism. 

To produce the shock waves, an atomic 
explosion might be used, or possibly 
simply the impact of another part of the 
moon rocket carrying the seismometer. If 
an 800-pound object struck at 9,000 feet 
per second, the energy released would 
correspond to nearly its weight in TNT. 

The broad program of space explora- 
tion, of which these lunar proposals are 
only a part, will probably first be at- 
tempted by unmanned vehicles. ‘The 
technical panel comments: 

“The attainment of manned space 
flight . . . cannot now be very clearly 
justified on purely rational grounds. It 
is possible, at least in principle, to design 
equipment which will do all the sensing 
needed to explore space and the planets. 
Mobile vehicles could be designed to land 
and crawl across the face of each of these 
distant worlds, measuring, touching, look- 
ing, listening, and reporting back to earth 
all the impressions gained. They could be 
remotely controlled, and so could act like 
hands, eyes, and ears for the operator on 
earth. Moreover, such robots could be 
abandoned without a qualm when they 
ran out of fuel or broke down.” 

However, the report continues: 

“Though all of this could be done in 
principle, there may be a point at which 
the complexity of the machine to do the 
job becomes intolerable, and a man is 
found to be more efficient, more reliable, 
and above all more resourceful when un- 
expected obstacles arise. It is, in a sense, 
an article of faith that man will indeed 
be required to do the job of cosmic ex- 
ploration personally — and, furthermore, 
that he will want to do the job himself, 
whether required to or not.” 

No timetable can be given for the 
achievement of the various stages in this 
American program for the exploration of 
space. But the first step was taken on 


March 27th, with the announcement 
that President Eisenhower had approved 
Department of Defense projects for the 
launching of small unmanned “lunar 
probe” rockets to the moon. 

Authority to undertake one and_pos- 
sibly two lunar probes was given to the 
Army Ballistic Missile Agency at Hunts- 
ville, Alabama; modified Jupiter-C rockets 
will probably be used. In addition, the 
Air Force Ballistic Missile Division at Los 
Angeles, California, was assigned a pro- 
gram calling for three lunar probes. ‘This 
project will probably employ a Thor- 
Vanguard system with a third stage yet to 
be developed. An initial outlay of eight 
million dollars has been made to start 
these two projects. 

PHOTOGRAPHIC ‘TRACKING STATIONS 
LL 12 of the Smithsonian Astro- 
physical Observatory’s satellite-track- 

ing stations are expected to have Baker- 
Nunn cameras (Sky and Telescope, Jan- 
uary, 1957, page 108) in operation by 
June 15th. Costing $70,000 each, these 
massive f/1 Schmidts are custom made for 
the difficult task of obtaining accurate 
positions of faint, fast-moving objects. 

Six of the instruments have already 
been put into operation, in New Mexico, 
South Africa, Spain, Australia, Japan, and 
India. Three more were scheduled to be 
shipped in April to Peru, Iran, and 
Netherlands West Indies, and the final 
three in May to Florida, Argentina, and 
Hawail. 

The camera at Olifantsfontein, South 
Africa, under the supervision of Robert 
Cameron, an American astronomer, ob- 
tained the first photograph of 1958 on 
March 18th, at 7:50 p.m. local time. The 
satellite was some 800 miles high, about 
midway between perigee and apogee, 
when the fast sweep of the camera caught 
it to record the short trail reproduced 
here. The camera was pointed and driven 
on the basis of predictions of the satellite 
passage that were provided by W. S. Fin- 
sen, Union Observatory, Johannesburg. 





Explorer I appears as the short track 

between the heavy trails of Epsilon 

Hydrae (top) and Rho Hydrae, as 

photographed in South Africa on 
March 18th. 
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Three different types of galaxies. 


At the left is NGC 440, the spiral wisp at the top is unnamed, and NGC 434 is at the 


right. This is a one-hour exposure without a filter on an Eastman 103a-O plate, made October 22, 1954, with the Radcliffe 
74-inch reflector. North is at the top and the scale is 2.3 seconds of arc per millimeter. 


Among Southern Galaxies—IV 


YING BEYOND the nearby group ol 
* galaxies at the south galactic pole 
which includes NGC 253 and NGC 

(00 pictured in March and April, is the 
barred spiral NGC 613, shown on the fac 
collection of stars, 


ing page. It is a vast 


gas, and dust, its apparent dimensions 


being four by 54 minutes of arc, dis 
tant from us by possibly 30 million light 


Vauc 


Its total brightness corresponds to mag 


vears, according to G. de ouleurs 


nitude 11 photographically, about equal 
to the conspicuous foreground star at the 


(The 


caused by 


right in the picture. lines crossing 


this star’s image were diffrac 


tion of light 
support of the 74-inch Radcliffe Observa 


past the secondary-mirror 


tory re¢ flector.) 


The galaxy’s outer arms are partially 


resolved into stars of apparent magnitude 
9 
354 
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fainter, together with some 
brighter knots” of 
Note that dark 


terial run parallel to the bar; they are 


20 and 
emission nebulosity 
lanes of obscuring ma 
stronger on the nearer side of the system. 

NGC 613 is in Sculptor, at right as 
cension 1" 32™.0, declination 29° 40) 
(1950 co-ordinates). Its average spectral 
lines in the 
nuclear region, according to N. U. May- 
all, Lick Observatory. The velocity of re 
1,500 kilometers 


classification 


type is G5, with emission 


is some 
The de 
is SB(rs)be, 


cession pel SCC 


ond Vaucouleurs 
in the system explained on 
October, 1957. 


\ short distance west olf 


page 582 ol 
\chernar, the 
brightest star in Eridanus, lies the group 
of three galaxies pictured above. In the 
lower left is NGC 440, a peculiar spiral 


with high surface brightness, little detail, 


thick 


seconds long. 


twisted arms; it is about 40 
\t the right is NGC 434, 


in size, a nor- 


and 


one by two minutes of arc 
mal Sa-type spiral with well-marked arms. 
The unnamed system at the top of the 
photograph is a spiral wisp with a bright 
linear core 20 seconds of arc in length. 


FACING PICTUR NGC 613 is a 
barred spiral with unusually complex 
arms. This one-hour exposure with 
the 74-inch Radcliffe Observatory re- 
flector was made on November 16, 
1952, using Eastman 103a-O emulsion 
without a color filter. This series of 
southern-galaxy pictures began in the 
February, 1958, issue. They are being 
published with the permission of R. H. 
Stoy, who is the director of the 
Royal Cape Observatory, Cape ol 
Good Hope, South Africa. 
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NE of the greatest scientific advances 

in the first half of this century is 

represented by the equation E 
mc*, Einstein's formulation of the equiva- 
Physicists and 
Almost 


high school or college student has heard 


lence of energy and mass. 


astronomers use it often. every 
the equation mentioned, and even news 
paper accounts of scientific meetings fre- 
quently refer to it. 

The derivation of Einstein’s equation 
given in advanced textbooks uses the spe- 
cial theory of relativity and requires a 
certain amount of mathematics. In_ this 
article, however, we employ a hypotheti- 
cal experiment that is easier to under- 


We shall look into the 


characteristics of electromagnetic 


stand. necessary 
radia 
tion, such as the pressure of light, and use 
them to demonstrate Einstein’s equation. 
Of fundamental importance is a_ basic 
idea of relativity theory, demonstrated by 
the famous Michelson-Morley experiment 
of 1881, that the speed of light in a 
vacuum is constant regardless of the mo- 


tion of the source or the receiver. 


Applications. The use of E mc can 
be illustrated by a few examples from 
astronomy. The sun radiates into space 
an enormous flood of energy, at a rate of 


4x 


10° horsepower). This is the value for E 


10" ergs each second (about 5 

in the equation. Since c, the velocity of 
light, is 3 x 10° centimeters per second, 
c is nearly 10°. Solving 
for m, we find that the sun is losing each 


the equation 


second, in the form of radiation, a mass of 
4x 10*°/107 i << 1¢* 
four million tons per second. 


grams, or about 

In any discussion of the production 
of energy by thermonuclear 
whether in stars or in hydrogen bombs, 


reactions, 
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The sun shines 
by continually 
converting its 
mass into ener- 
gy. Photo by 
W. M.Kearons. 


this energy-mass relationship is of funda- 
mental importance. The sun’s light and 
heat come mainly from a _ reaction in 
which one gram of hydrogen is fused into 
0.993 gram of helium. Seven-tenths of 
one per cent of the original mass is con- 
verted into energy. Hence, by Einstein’s 
equation, the energy released as radiation 
from each gram of hydrogen is 0.007 x 
10" or 7 X 

Finally, let us suppose that the entire 
mass of the sun, 2 x 10" grams, could be 
converted into energy. ‘The equation tells 


1s . 
10". ergs. 


us that the energy released would be 
2 xX 40" x Aor: 2 xX a0" ergs: “(No 


process by which the sun could be com- 
pletely consumed in this way has yet 


been discovered.) 


The solar constant. The rate at which 
solar energy reaches the earth’s surface 
can be measured with an instrument called 
a pyrheliometer. In principle, it consists 
water, one 


of a one-centimeter cube of 





Einstein's Equation 


E = mc? 


Orto Struve, Leuschner Observatory 


University of California 


side of which may be exposed at right 
angles to the rays of the sun. At first a 
shutter in front of the cube cuts off all 
sunlight, and the temperature of the water 
is accurately determined. Then the shut- 
ter is opened, and the time required for 
the water temperature to rise one degree 
centigrade is measured. The amount of 
heat thus supplied to the water is, by 
definition, one calorie. 

Experiments show that if the pyrheli- 
ometer were outside the earth’s atmos- 
phere, the shutter would have to be 
opened for about 30 seconds. We infer 
that the solar constant is about two calo- 
ries per square centimeter per minute. 

In astronomy it is customary to express 
energies in ergs rather than calories. One 
erg is the energy of motion possessed by < 
two-gram mass traveling one centimeter 
per second. (A flying mosquito has roughly 
one erg of such energy.) Since this kinetic 
energy is convertible into heat energy, the 
numerical conversion factor between ergs 
and calories is known as the mechanical 
equivalent of heat. 

If, instead of admitting sunlight into 
the cube of water, we drop into it a two- 
gram pellet with a speed of one centi- 
meter per second at impact, the tempera- 
ture of the water would rise 1/42,000,000 
of a degree. In other words, one calorie is 
the same as 42 million ergs. Thus, we can 





This water-flow pyrheliometer was one of several types used in the early 1900's 
by Charles G. Abbot to measure the solar constant. Sunlight entered the orifice 
C from the left, passing through chamber A (diameter about 34 centimeters) to 
the cone-shaped receiver H. There the energy heated water flowing in a spiral 
system of coils extending from the intake at E to the outlet at F. Platinum cells, 
D, and D., measured the rise of temperature of the water due to solar heating. 
A Dewar vacuum flask, K, enclosed the heat-receiving .chamber. Reproduced 
from “Annals,” Astrophysical Observatory of the Smithsonian Institution, 1913. 











press the solar constant as 42 million 
cigs per square centimeter in 30 seconds, 


1.4 x 10° ergs per square centimeter 
second. 
Radiation pressure. During a_ single 


second, the square-centimeter face of the 
rheliometer cube receives light from a 
column above it having a cross section of 
one square centimeter and a length of 
10" centimeters. If the total amount 
of radiation energy reaching the cube in 
this interval is 1.4 x 10° ergs, then one 
cubic centimeter of the column contains 
1.4 x 10°/3 x 10° = 4.7 x 10° erg. This 
number represents the density of solar 
radiation at the distance of the earth. 
Very delicate measurements, first made 
about 60 years ago by P. Lebedev in Mos- 
cow, show that this radiation exerts a 
pressure upon any object that intercepts 
it. If the obstacle is a perfect mirror, the 
sunlight pressure is 2 x 4.7 x 10° = 9.4 
10° dyne per square centimeter. (One 
dyne is the force required to accelerate 
one gram from rest to a speed of one cen- 
timeter per second by the end of one 
second.) 
30th measurements and theory have 
shown that radiation pressure is propor- 
tional to radiation density. For example, 
if a telescope is used to concentrate the 
stream of solar radiation, let us say by a 
lictor of 100, the density becomes 4.7 x 
10° erg per cubic centimeter, and the 
pressure it exerts on a reflecting surface is 
9.4 x 10° dyne per square centimeter. 
When solar radiation falls on a black 
screen that absorbs all its energy, the pres- 
sure is only 4.7 x 10° dyne per square 
numerically the 
density. A. S. 


centimeter — that is, 
same as the radiation 
Eddington has remarked: 

“We need not trouble to discriminate 
between] the different cases of absorp- 
tion, reflection, etc. The pressure on either 
side of the screen is equal to the energy- 
density of the radiation on that side, and 
the force on the screen corresponds to the 
difference of the pressures on its two sides. 
For example, in the case of the perfect 
reflector the pressure is equal to the total 
cnergy-density 2E on one side of the 
screen, viz. the energy-density E of the in- 
cident waves + the energy-density E of 
the reflected waves.” 


\ hypothetical experiment. With the 
foregoing bird's-eye view of some radia- 
tion phenomena, we can proceed to dis- 
cuss an imaginary experiment that will 
lead us to Einstein’s equation, E = mc’. 
We shall follow a line of reasoning due to 
the German physicist P. Lenard, a 1905 
Nobel prize winner for his work on 
cathode rays, who based his thinking upon 
the earlier ideas by F. Hasenodhrl, of 
Vienna. 

Suppose that on a sunny day we trap a 
mall amount of sunlight within a cylin- 
der whose inside surfaces are perfect mir- 
rs. This is done by opening one end of 
he cylinder, T, for an instant until the 
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The relation between the solar con- 
stant and the unit of energy density. 


rays reflected from the other end, B, begin 
to escape outward through the opening. 
At this moment the density of radiation 
in the cylinder is twice what it was out- 
side, being 2 x 4.7 x 10° or approxi- 
mately 10~ erg per cubic centimeter. 

The open end is closed tightly, and 
since its inside surface is also a_ perfect 
mirror the radiation trapped inside the 
container bounces back and forth between 
B and T. This radiation exerts a pressure 
upon both B and T that is numerically 
equal to the total radiation density, about 
10° dyne per square centimeter. Within 
the container at any given instant there 
are equal numbers of rays traveling toward 
B and toward T, all with a velocity of 3 
x 10° kilometers per second. 

We shall now consider two distinct 
cases: A. The container is moving with 
a uniform velocity along the path of the 
rays. B. This motion is being accelerated, 
that is, the container is moving faster 
and faster. The first case will aid our un- 
derstanding of the behavior of radiation 
inside the container; the second case cor- 
responds to the actual derivation of Ein- 
stein’s equation. 


Case A. Assume that the cylinder is 
moving in the direction T-B with a uni- 
form speed, say v = 60 kilometers per sec- 
ond. Therefore the mirror surface B seems 
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CASE B — ACCELERATED MOTION 
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In this simple experiment, light is 
trapped in a moving cylinder; inside 
arrows indicate wave length. 


to be receding with respect to the rays 
striking it and a Doppler shift will occur. 
If the rays initially have a wave length of 
5000 angstrom units, they will appear to 
be lengthened at mirror B by ) u/c. This 
is 5000 x 60/3 x 10°, or one angstrom. 

After reflection, the wave length is in- 
creased by the same amount, so instead of 
being 5000 angstroms it is now 5002. 
Hence, after reflection from B, any given 
amount of radiation occupies a larger vol- 
ume, the increase being in the same pro- 
portion as the increase in wave length; 
consequently, the radiation density — the 
amount of energy per cubic centimeter — 
is smaller than it was initially, in the same 
ratio. 

At the other end of the cylinder, the 
mirror surface T is moving forward, ap- 
pearing to approach the light rays. They 
experience a Doppler shortening, also by 
two angstroms. The volume is now re- 
duced and the energy density is restored 
to its original value. The total effect, 
after countless reflections from B and T, 
is for the average wave length to be 
exactly 5000 angstroms throughout the 
container. The radiation pressures upon 
B and T are still the same, equal to 10* 
dyne per square centimeter. 





<= PRESSURE OF LIGHT 














ACCELERATION OF CONTAINER 











The end result of Case B is the con- 
centration of energy toward T. 


Case B. These conclusions are altered 
when we consider the second case, that of 
an accelerating container. The rays that 
first strike B experience a red shift. But 
since they then require a finite length of 
time to reach T, they experience a larger 
(violet) shift on reflection from T. Simi- 
larly, those rays that are first reflected 
from T undergo a small violet shift; by 
the time they get to B the container is 
moving faster, and there is a larger red 
shift on reflection from B. In both situa- 
tions, the waves are more compressed near 
T than near B. Consequently, the radia- 
tion density is greater at T than at B, and 
the pressure against T’ exceeds the pres- 
sure against B. 

We see that, because of radiation pres- 
sure inside the container, a force exists 
counteracting the acceleration imparted 
to the container from the outside. The 
radiation acts as though it has a certain 
mass whose inertia must be overcome 
when the cylinder is accelerated. 


Energy-mass equivalence. The final step 
in our sequence of thought is to put the 
foregoing example into numerical terms 
that will show the equivalence of radiant 
energy and mass. Assume first that the 
container has a cross section of one square 


229° 
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centimeter and is 3 x 10" centimeters 
long. Then its volume is 3 x 10” cubic 
centimeters and, if the radiation density 
is 10* erg per cubic centimeter, the 
amount of radiation trapped within the 
cylinder is 3 x 10° x 10° = 3 x 10° ergs. 

Suppose the container is at rest when 
the rays first strike B. Because at any in- 
stant half the rays are moving to B and 
half toward T, their energy density at B is 
initially 0.5 x 10“ erg per cubic centi- 
meter, and the pressure exerted on B is 
0.5 «* 10° dyne per square centimeter. 
Since these rays travel at 3 x 10" centi- 
meters per second, they will reach T one 
second later. If the acceleration we are 
imparting from the outside is 6 x 10° 
centimeters per second each second, the 
rays from B will reach T when its velocity 
is 6 > 10° centimeters per second. 

Repeat Case A’s argument, where light 
of 5000 angstroms wave length experi- 
enced a violet shift of two angstroms. At 
I the radiation density is increased by 
one part in 2/5,000, and the pressure is 
likewise increased, becoming 2 x 10° 
dyne per square centimeter greater than 
at 2. 


The other half of the rays, those that 
reached T while the container was still 
at rest, are affected the same way. They 
leave T without change in radiation den- 
sity or pressure, reaching B one second 
later, where they experience a red_ shift 
of two angstroms after reflection from B. 
Hence they simply maintain the pressure 
difference of 2 x 10° dyne between T 
and B. 

Since the ends of the cylinders each 
have an area of one square centimeter, 
this pressure difference represents the 
force opposing the acceleration we are at- 
tempting to impart from the outside. 
(The force equals the pressure in dynes 
per square centimeter times the area upon 
which it presses.) Therefore, in order to 
maintain an acceleration of 6 x 10° centi- 
meters per second each second, we must 
apply a slightly greater force in the direc- 
tion of motion than would be necessary if 
the cylinder contained no radiant energy 
at all. 

By Newton’s second law of motion, any 
force is equal to the product of the mass 
ma. In our case, 

Hence m, the 


times its acceleration: f 
Ex 10” 1700-10". 





mass of the radiation inside the cylinder, 
is 3.3 & 10” gram. 

We have already seen, however, that 
the total amount of radiation within the 
container is 3 x 10° ergs, and we need 
only to divide this value by the above 
mass value to find the proportionality fac- 
tor in the energy-mass equation. Thus, 3 
<x 10°/3.3 x 10 is about 9 x 10”. But 
this is numerically equal to the square of 
the velocity of light! Therefore, we may 
write E mc. 

This is, of course, a demonstration for 
one particular instance, not a_ rigorous 
proof of the Einstein equation. The far- 
reaching physical significance of this great 
discovery by Einstein is suggested in the 
following words from Arthur Haas’ /ntro- 
duction to Theoretical Physics: “Lavoi- 
sier’s law of the conservation of mass and 
the Mayer-Joule law of the conservation 
of energy are united by the theory of 
relativity into one single principle, for 
this theory regards as constant only the 
sum of the total energy contained in the 
universe and the total mass of the uni- 
verse, multiplied by the square of the 
velocity of light.” 
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Q. How much should I undercorrect 
my mirror to allow for the effects of 
night cooling? 

A. It should be fully corrected, for 
most amateur mirrors are not massive 
enough for much thermal lag during the 
slight cooling that usually takes place. 
Rapid cooling may last only a_ short 
while. 

Q. What is the best power to use for 
comet sweeping? 

A. Most comet seekers use about 20x 
to 50x; they strive for good light grasp 
and a field several degrees in diameter. 

Q. Why do bright 
graphs often show a pattern of spikes 
while galaxies in the same picture do not? 

A. A star is essentially a point source 
and its light is diffracted as it passes the 
secondary-support arms which are found 
in the upper part of most reflectors. On 
the other hand, a galaxy is an extended 
object; each point is diffracted, but the 
patterns all blend together and do not 


stars in photo- 


show. 

Q. What are the Clouds of Magellan? 

A. The Large and Small Magellanic 
Clouds are our nearest neighbor galaxies. 
These hazy patches are situated in the 
sky near the south celestial pole, so are 
not visible to mid-northern observers. 

Q. Does a 10-power telescope make 
objects look 10 times larger or 10 times 
nearer? 

A. They appear to have an angular 
extent 10 times greater, but the illusion 
is that the objects are nearer, as we are 
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used to things looking larger as we ap- 
proach them. 

Q. Why do toy radiometers turn with 
the black vanes trailing, 
rather than leading as would be expected 


sides of the 


from radiation pressure? 

A. ‘Toy radiometers are only partially 
evacuated, so there is still an appreciable 
amount of air inside them. Radiation 
falling on the vanes is absorbed by the 
black sides, making them warmer than 
the white ones. The adjacent air is heated 
unequally, and the more energetic mole- 
cules on the black sides push them away. 


W.E.S. 


The vanes of this toy radiometer are 
coated white on one side and black on 
the other. Differential heating of the 
residual air causes the vanes to revolve 
with the white sides leading. 


SEA-SURFACE GRAVIMETER 

The first successful device for mezsur- 
ing the force of gravity on the ocean’s 
surface has been put into use aboard the 
USS Compass Island, as part of the In- 
ternational Geophysical Year gravity pro- 
eram. The initial measurements with the 
new gravimeter, developed by Anton 
Graf of Munich, Germany, were made in 
the North Atlantic on November 22, 
1957, by J. L. Worzel of Columbia Uni- 
versity’s Lamont Geological Observatory. 

The relatively few prior determinations 
of gravity at sea had been made with 
pendulums in submarines submerged to 
depths where the ocean is quiet. Geo- 
physicists have long desired an_ easier 
means for gravity surveys of the oceans 
and for intercomparing networks on 
land. The new gravimeter gathers the 
data about four times as fast as the sub- 
marine method, and the mathematical re- 
ductions are shortened considerably, which 
should make good gravity determinations 
more plentiful. 

In the new device, a heavily damped 
horizontal aluminum boom is spring- and 
pivot-mounted on a gyro-stabilized_plat- 
form. A large permanent magnet provides 
the damping by setting up eddy currents 
that brake the swinging motions of the 
boom. The position of the boom is de- 
termined by a differential photocell il- 
luminated through a slit attached to the 
boom. 

The output of the photocell, which 
changes whenever the slit moves, is ampli- 
fied and traced on an Enograph_re- 
corder. Any variation in the value of 
gravity causes the boom to tilt, and five 
minutes are required for the complete 
registration of such a change. 
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Origin 
of the 
Aurora — II 


JOSEPH W. CHAMBERLAIN 


Yerkes Observatory 


University of Chicago 


AST MONTH the main observed 
L facts about the northern lights were 
reviewed, especially the evidence 
that aurorae are produced, in part at 
least, by charged particles entering the 
atmosphere from extraterrestrial space. 
But we also noted that the various at- 
tempts to develop a quantitative theory 
of the aurora have met with many obsta- 
cles, because of insufficient data on the 
aurora itself and the mathematical difh- 
culties of treating the problems involved. 
The case against current auroral 
theories. An auroral theory, developed 
with due regard for fundamental physical 
principles, can be quite useful, whether 
or not it ultimately proves correct, pro- 
vided we keep in mind the proper role 
of theory in scientific method. A theory 
can guide the planning of experiments 
and observations, thus introducing some 
measure of order into what might other- 
wise become chaos. But inasmuch as an 
auroral theory is usually merely descrip- 
tive or phenomenological in nature, we 
must be cautious in accepting its postu- 
lates just because they predict some of 
the observed auroral characteristics. 
Further, observational data are always 
subject to some error, and a phenomenon 
as dificult to observe and measure as the 
aurora is bound to lead to some. incor- 
rect findings. It is this state of affairs that 
has led eminent theorist to assert, 
not entirely facetiously, “Never trust an 
observation until it is confirmed by 
theory.” But it is quite different to adopt 
ie attitude that observations are not to 


one 


t] 
be trusted unless they conform to some 
previously existing theory. Yet we often 
idhere in our thinking to old ideas that 
eem to us logical and acceptable, even 
though on closer examination the reasons 


lor their acceptance are not compelling 





Long slender rays and a bright arc low in the northeast are features of Mike 

Larson’s photograph of the northern lights on March 11, 1958, at 8:17 p.m. 

Central standard time, from Ft. Dodge, Iowa. This fine display occurred about 

one solar revolution after the great auroral storm of February 10-11. The expo- 
sure was 10 seconds, at {/4.5 on Royal-X Pan film. 


and they do not really explain the facts. 

In the 19th century the idea was prev- 
alent that the aurora was produced by 
electric discharges. While laboratory ex- 
periments by de la Rive, Lemstrém, and 
Plante helped further this view, its origin 
can be traced to the middle of the 18th 
century and the analogies between light- 
ning and the aurora drawn by Lomono- 
sov, Canton, and Franklin. 

\lthough the relation between auroral 
occurrences (at low latitudes, at least) 
and sunspot numbers was established in 
de Mairan’s treatise of 1733, it was not 
until the 1870's that the proposal was 


made by Bequerel that the sun was the 


source of aurora-producing 
particles. The 20th century has 


ingly produced a variety of theories con- 


immediate 
accord- 


cerned with the propagation of solar ions 
into the earth’s magnetic field. 

Today we are gradually accumulating 
information about the 
particles through air, and the excitation 


passage of fast 


and radiation produced by particle col- 
lisions. While the results are not certain 
enough to provide the theorist with con- 
crete information about the nature of 
auroral particles outside the earth, we 
can now apply fairly rigid tests to a 
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HORIZON 


ZENITH 


6300 


6364 


6468 6482 6545 6563 





6624 6705 


A spectrogram of the aurora of March 2, 1957, as photographed in the red with 


high dispersion, by the author and 


hand part of the low-dispersion spec 


Vidya Pesch. Compare it with the right- 
trum on page 270 of the April issue. To 


give a wave-length calibration, white dots were superimposed at the top and 
bottom from a laboratory neon source; the faint neon lines in the spectrum 
itself are contamination from advertising signs in a neighboring village. The 


two strongest auroral lines are from 


atomic oxygen, and many bands due to 


molecular nitrogen are recorded. In the horizon spectrum (upper part), the 

hydrogen-alpha line is symmetrical about its normal wave length, but near the 

zenith (lowest part) it is asymmetrical and displaced toward the violet. Yerkes 
Observatory photograph. 


quantitative theory of the origin of these 
particles. These tests are not favorable 


to any existing theory. 

For example, a solar-stream theory may 

suppose that aurorae are produced by 
protons bombarding the high atmosphere. 
This theory should predict at what dis- 
tances from the magnetic poles and at 
what longitudes reiative to the sun the 
hydrogen ions would be expected to en- 
ter the atmosphere. Further, the theory 
should explain the height of the aurora 
and the vertical distribution of luminosi- 
ty. There are no theories of solar parti- 
cles or particle streams that explain these 
items adequately; in fact, in no case does 
a theory even attempt to cope with all 
of these pertinent problems. 

At the present time, we are just acquir- 
ing quantitative data on the auroral spec- 
trum, the luminosity versus 
height, and, from the program of the 


auroral 


WAVE LENGTH IN ANGSTROMS 
6s 6523 653 6543 6553 656 
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VELOCITY IN KILOMETERS PER SECOND 


The structure of the hydrogen-alpha 
line in the spectrogram on this page 
is plainly shown by these curves of in- 
tensity against wave length. Each dot 
indicates a measurement by the author 
and Vidya Pesch. The bottom scale 
gives the corresponding line-of-sight 
velocities of the incoming protons, 
negative values indicating 

toward the observer. 


motion 
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pheric 
traveling at only a 


International Geophysical Year, geograph- 
ical distribution and 


times of proton 
influx on the atmosphere. 


In addition, 
we are just now obtaining vital informa- 
tion about matter in the space immediate- 
ly surrounding the earth. Hence we may 
be standing on the threshold of a new 
era in auroral theory, which may _pro- 
vide the long-sought answers. The vital 
ingredient, however, is likely to be bold 
and imaginative thinking as the facts are 
assimilated. 


Nature of auroral protons. In the first 
installment, we noted the Doppler-shifted 
hydrogen lines in the spectra of some 
aurorae. A study of these spectral lines 
should give us information about the 
protons bombarding the atmosphere. It 
is not possible, unfortunately, to measure 
the shift in color of the hydrogen emis- 
sion and deduce immediately the speed 
that the incoming particles had before 
they struck the atmosphere; rather, much 
detailed analysis is required. 

To understand why the problem is com- 
plex, let us imagine a proton, that is, a 
hydrogen nucleus, moving into the atmos- 
phere at several thousand miles per sec- 
ond, sufficiently fast to penetrate down 
to the 70-mile-height level. As the proton 
starts into the atmosphere it is gradually 
slowed by collisions with the oxygen and 
nitrogen that it encounters. These col- 

lisions also cause the oxygen and nitrogen 
to radiate. 

But at this point there is almost no 
radiation characteristic of the hydrogen 


spectrum, because the proton cannot cap- 
ture an electron to form a hydrogen atom 
until 


it is considerably slowed 


enough 


down. 
After 


encounters 
molecules, the 


with atmos- 
will be 


hundred 


proton 


few or a 


thousand miles a second and it can steal 
an electron from one of the oxygen or 


nitrogen molecules as it passes by. 


to deduce anything about 
speed and of the 


the 
direction 


processes in detail. 


Studies of this nature in recent years 
have indicated some rather startling fea- 
tures of the incoming protons. There are 
three significant things we measure about 


the hydrogen radiation. One is the profile 
— brightness versus wave length of the 
radiation — as we look along the earth’s 
magnetic field. (The hydrogen lines are 
not strictly monochromatic but have a 
small width in wave length.) Another is 
the profile as we look perpendicular to the 
earth’s magnetic field. Finally, there is the 
change in intensity of the radiation with 
height — the hydrogen luminosity curve. 

The orientation of the earth’s magnetic 
field is important, as we would expect 
charged particles, such as protons, to 
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These are typical luminosity curves 
for different auroral forms, after L. 
Vegard, showing the relative changes 
in brightness against height, which is 
measured from the lower border of 
each feature. The small circles indi- 
cate the upper limits of observation 
by photographic methods. Adapted 
from “The Aurorae,” by L. Harang, 
Chapman and Hall, London, 1951. 


As 
the capture takes place, the proton be- 
comes a hydrogen atom and emits the 
characteristic red or blue light that we 
detect with a spectrograph. Thus, in order 
initial 
incoming 
particles, we must investigate the atomic 
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nove into the earth’s atmosphere _pri- 
marily in the direction of the magnetic 
field. The particles may, however, spiral 
ibout the magnetic lines of force. 

For an observer who is far enough 
north to see the aurora frequently, these 
magnetic lines of force extend out of the 
earth in a direction just a few degrees 
south of his zenith. Therefore, to look 
right along the direction of the incoming 
particles we would observe nearly over- 
head. In this case, the maximum Doppler 
shift, or change in the color of the hydro- 
gen emission caused by motion toward 
the observer, is seen. 

If, however, we look to the north a 
few degrees above the horizon (at the 
so-called magnetic horizon), the hydrogen 
emissions are not shifted toward the blue 
but are merely broadened, both toward 
the red and the blue. This broadening 
is also a Doppler effect, apparently aris- 
ing because the protons are not moving 
in straight lines parallel to the magnetic 
field, but are spiraling. This gives the 
protons at the magnetic horizon a small 
amount of motion toward the observer 
and then a small amount away, although 
the predominant speed is down the lines 
of force. 

The problem is to construct a system of 
trajectories for these particles that will be 
consistent with all three types of observed 
data. At present, in order to reconcile 
all the observations, it seems necessary to 
have the particles entering with a large 
variety of spiral orbits rather than with 
only one type. If we think of the protons 
coming into the atmosphere along the 
magnetic lines of force and describing 
the ridges of a screw with a certain pitch, 
then some of the particles will follow a 
very flat pitch, some a very elongated one. 

We can now ask the question: If the 
particles start from several earth radii 
or more away, what will be the distri- 
bution of pitch angles when the particles 
get near the earth? This problem can be 
solved for individual protons, and the 
distribution of pitch angles that is ob- 
tained is consistent with what seems to 
be required to explain the hydrogen-line 
profile on the magnetic horizon. 

To explain the profile in the magnetic 
zenith, as well as the luminosity curve, it 
now seems necessary to suppose that all 
the particles do not enter the atmosphere 
with the same speed. A few of them move 
several thousand miles per second and 
are thus able to reach the lower auroral 
levels of the atmosphere. But many others 
are apparently traveling at much lower 
speeds — only a few hundred miles per 
second or less. 

This interpretation of the hydrogen 
emission, if true, suggests that the protons 
are accelerated in the neighborhood of 
the earth. A wide spread in velocities is 
inconsistent with the idea of direct entry 
into the atmosphere of particles ejected by 
the sun and traveling nearly identical 
paths through space, for they would then 
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The broadening of hydrogen lines in 
auroral spectra in different parts of 
the sky may be caused by spiral mo- 
tions of incoming protons along the 
lines of force of the earth’s magnetic 
field. Diagram by L. Vegard. 


not all arrive at the earth at the same 
time and would not be expected to enter 
the atmosphere at the same place. 

An alternative explanation of the veloc- 
ity spread may be possible if the protons 
and electrons travel from the sun to the 
earth in a magnetized cloud. There is 
some theoretical, and lately some observa- 
tional, basis for supposing that solar gas 
clouds do contain a small but significant 
magnetic field. In this situation, individ- 
ual particles may circle the magnetic lines 
of force in the cloud with a variety of 
speeds, some much higher than the speed 
of the cloud as a whole as it moves out- 
ward from the sun. 

The spread in velocities will mean, of 
course, that there is some time delay be- 
tween the entry of the fast particles and 
slow particles, the amount of delay de- 
pending on how far from the earth the 
particles are accelerated or released from 
the magnetized cloud. If the change 
takes place at a distance of only a few 
earth radii, then the time delay would 
be just a few seconds between the fastest 
and slowest particles. Yet it may be pos- 
sible to observe even this small a delay, 
for the fast particles would penetrate 
deep into the atmosphere and the slower 
ones would radiate only at higher levels. 


The role of electrons in the aurora. 
Whatever the origin and nature of pro- 
tons in the aurora, it is fairly definite 
that they are not the entire story. The 
brightness of hydrogen light, compared 
with nitrogen and oxygen emissions, may 
vary markedly among different aurorae. 
It seems on the whole that the arc forms, 
homogeneous arcs, have the 
strongest hydrogen lines, with rayed 
draperies and rayed arcs usually showing 
much fainter hydrogen. 

There also seems to be some depend- 
ence of the hydrogen intensity on the 
latitude at which the aurora is seen. At 
low-latitude stations, such as Yerkes Ob- 
servatory in southern Wisconsin, the 
hydrogen lines may be quite strong com- 
pared with those observed over Saskatoon, 
Saskatchewan; Fairbanks, Alaska; or 
Troms6 in northern Norway. If protons 
were the only cause of the aurora, and if 


especially 


aurorae at all locations occurred at about 
the same height in the atmosphere, the 
hydrogen emission would be about the 
same strength, compared with the oxygen 
and nitrogen lines, in spectra at all lati- 
tudes. Since this is not the case, other 
types of excitation seem to be important. 

Another possible means of producing 
auroral light is by electrons that enter 
from outside the atmosphere. These elec- 
trons will not emit a characteristic line 
spectrum, and their presence has to be 
inferred from indirect arguments. While 
a proton can capture an atmospheric 
electron to form hydrogen, an electron 
can only excite radiation of the atmos- 
pheric constituents. 

If we associate incoming electrons, pre- 
dominantly, with the rayed forms of the 
aurora, we are again led to the conclusion 
that these particles must possess a wide 
dispersion in their velocities outside the 
atmosphere. A single electron striking the 
atmosphere at a particular speed would 
produce radiation in a fairly shallow 
height range. Thus, the extremely long 
rays, which may stretch for over a hun- 
dred miles in height, would require a 
large spread in incident velocities. 

An alternative mechanism for produc- 
ing these long rays is an electric discharge 
(the same general type of process that 
activates neon advertising signs). A stream 
of electrons goes through the gas, being 
accelerated by an electric field. If this 
mechanism is operative in the aurora, the 
question is: What is the source of the 
electric field? 

In the high layers of the atmosphere, 
where the aurora occurs, there is an 
abundance of electrons at all times. In 
fact, this region is known as the iono- 
sphere, because there is always present a 
certain amount of ionization or separation 
of electrons from the parent molecules. 
If an electric field is applied, these elec- 
trons will be speeded up. It is not suf- 
ficient, however, jusi to set a static electric 
field above or below the ionosphere, as 
the electrons would then simply be dis- 
placed a small amount until the separa- 
tion of positive and negative particles 
exactly balanced the impressed electric 
field. 

What is required is a more dynamic 
picture, with a steady current being set 
up through the ionosphere, or with a 
fluctuating electric field being applied. 
Each of these possibilities seems feasible, 
but so far only a simplified theory for the 
first one has been developed. If the elec- 
trical circuit is to be closed through the 
atmosphere, the current may pass from 
the highest regions down to the lower 
ionosphere. Thence it may be conducted 
east or west in this region of relatively 
high density to another point, where it 
may flow back up into the interplanetary 
medium. 

On the other hand, a fluctuating elec- 
tric potential may be set up close to the 
earth by positively charged protons that 
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come in just above the atmosphere and 
then are unable to get Such 
charged particles moving in the earth's 
magnetic field may experience a_phe- 
nomenon known as magnetic reflection, 
wherein the particles move along the field 
to a point where the lines of force be- 
come so crowded together and the field 
so dense that the particles have insufficient 
energy to squeeze through. At this point 
they are reflected back whence they came. 
Ihe particles may in this fashion travel 


closer. 








The heavy curve is the path of a 
proton (or electron) trapped by the 
earth’s magnetic field, whose lines of 
force, represented by the thin curves, 
extend from a region on the earth’s 
surface in the Northern Hemisphere 
to the corresponding region in the 

Southern. The particle will oscillate 

until a collision with another particle 

changes its orbit. As it moves among 
the converging lines of force, its orbit 
becomes more tightly looped. From 

“The Aurorae,” by L. Harang, Chap- 

man and Hall, Ltd., London, 1951. 
back and forth between the Northern 
and Southern Hemispheres without ac- 
tually striking the atmosphere and being 
slowed down. 

But it must be emphasized that these 
matters are still highly speculative. They 
are reviewed here only to show the direc- 
tions in which we are working to find 
the answers. 


This is the present status of the prob- 
lem. It is hoped that we can tell you in 
a few years time that the situation has 
become greatly clarified. Further details 
of these topics and a list of references 
to the literature will be found in an 
article by the author on ‘Theories of 
the Aurora” in Advances in Geophysics, 
\cademic Press, Vol. 4, 1958, pages 109- 
215. Some of the work reviewed here 
is being supported by the Air Force Cam- 
bridge Research Center under contract 
AF 19 (604)-3044 with the University of 


Chicago. 
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NEWS NOTES 


NATIONAL OBSERVATORY 
TO BE ON KITT PEAK 

\ 70-acre flat area on the summit of 
a 6,875-foot mountain in the Quinlan 
Mountains, about 40 miles southwest of 
TFucson, Arizona, has been chosen for the 
new National Astronomical Observatory 
(Sky and Telescope, August, 1957, page 
482). There an 80-inch reflector will be 
erected. 

This selection of Kitt Peak, in the 
Papagos Indian Reservation, culminates 
a three-year study by a team of astrono- 
mers of some 150 sites in the southwestern 
United States. The search had narrowed 
down to three locations in Arizona, where 
extensive tests of the seeing were con- 
ducted. 

AURA, Inc., the association of univer- 
sities responsible for building and operat- 
ing the observatory, has a new member — 
Yale University — in addition to the seven 
institutions listed on page 181 of the 
February issue. 


POSSIBLE SOURCES 
OF A LUNAR ATMOSPHERE 

Recently a very sensitive test for a pos- 
sible atmosphere on the moon was carried 
out at Cambridge, England (Sky and 
Telescope, November, 1957, page 12). An 
occultation of the Crab nebula by the 
moon was observed by B. Elsmore with a 
radio telescope, and was found to have a 
duration slightly shorter than predicted 
from geometrical considerations. 

This discrepancy might be attributed to 
refraction of the radio waves from the 
Crab nebula by electrons in a highly rare- 
fied lunar atmosphere — not more than 
about 10°" times the sea-level density of 
the earth’s atmosphere. However, the ob 
served effect was of the same size as the 
errors of observation, and actually pro- 
vides only an upper limit to the amount 
of a possible lunar atmosphere. 

In the February 14th issue of Science, 
W. F. Edwards, California Institute of 
Technology, and L. B. Borst, New York 
University, discuss the properties and 
possible origin of gases above the surface 
of the moon, on the assumption that such 
a lunar atmosphere has a density of about 
10 the earth’s. At so low a density, a 
molecule could travel some 600 kilometers, 
on the average, before colliding with an- 
other one, but most of the lunar gas 
would be in a layer less than 10 kilometers 
thick, so collisions with the lunar surface 
itself would predominate. The kinetic 
temperature of the gas would be that of 
the lunar surface, which reaches 135 
centigrade at lunar noon. 

Because the escape velocity at the 
moon's surface is only 2.37 kilometers per 
second (compared to 11.2 on the earth), 
gases of low molecular weight, such as 
oxygen and nitrogen, could not be re- 


tained. According to G. P. Kuiper, gases 


of molecular weight less than 60 would be 
Jost during the heat of the lunar day. 
Among heavier substances, Mr. Edwards 
and Dr. Borst propose that the rare, inert 
gases krypton and xenon might form a 
lunar atmosphere. 

One mechanism for producing them is 
the spontaneous decay of uranium 238 in 
the surface layers of the moon. H. C. Urey 
has estimated that the moon’s uranium 
content is about 0.012 part per million by 
weight, with possible enrichment by a 
factor of two at the surface. The main 
constituents of the resulting gas would be 
xenon isotopes of mass 132, 134, and 136, 
with a five-per-cent admixture of krypton. 

A second process is radioactive decay of 
iodine 129, which would produce a gase- 
ous envelope consisting solely of xenon 
129. This mechanism would require the 
outgassing of the moon’s surface layers, 
probably by the stirring up caused by 
meteorite impacts, for a period at least 
as long as the half life of iodine 129, 
which is about 17 million years. 

If these or other possible processes for 
producing krypton and xenon did not 
operate, however, it is possible that these 
gases are the remnants of those trapped in 
the moon’s mantle at the time of its for- 
mation. As inert gases, they do not enter 
into chemical combination with other ele- 
Again, stirring by meteorite im- 
release the gas from the 


ments. 
pacts would 
moon’s solid layers. The main atmospheric 
gas would then be krypton, with only 
seven per cent xenon. 

If the moon actually has an atmosphere 
of the amount assumed by Mr. Edwards 
and Dr. Borst, it may eventually be pos- 
sible to distinguish among these three pos- 
sibilities by analysis of gas samples. They 
point out, however, “Since the scale height 
jof the lunar atmosphere] is only a few 
kilometers, it is not probable that initial 
grazing rocket orbits would come suffh- 
ciently close to permit the collecting of a 
gas sample.” 


DINSMORE ALTER RETIRES 

On April Ist, Dinsmore Alter retired 
from the directorship of the Griffith Ob- 
servatory and Planetarium, Los Angeles, 
California. He served in this capacity for 
23 vears. 

Dr. Alter is well known as a popularizer 
of astronomy and as the editor of the 
Griffith Observer. He is a recognized au- 
thority on lunar matters who has taken 
moon photographs of exquisite quality 
with the 60-inch reflector at Mount Wil- 
son. Dr. Alter’s professional interests have 
also included the statistical analysis of 
variable star light curves and of mete- 
orological records. 

At the Western Amateur Astronomers 
convention this August, he will be given 
the G. Bruce Blair award for his contri- 
butions to amateur astronomy. 





























NOVA IN OPHIUCHUS 


On March 20th, the Harvard Observa- 
tory clearinghouse for astronomical news 
was notified of the discovery of a nova 
in Ophiuchus, by Guillermo Haro at the 
Ponanzintla Observatory, Puebla, Mexico. 
The new star was first found by Dr. Haro 
while examining a 3-inch Ross camera 
plate secured six months earlier as part 
of a general nova-search program in the 
central part of the Milky Way galaxy. 

In photographs taken last August of 
the same region of the sky, there is no 
trace of this object. It was of the 10th 
magnitude on the discovery plates, and 
by November 18, 1957, reached a maxi- 
mum brightness of 8.0. This is distinctly 
a “slow” nova, and on March 19th it was 
still as bright as magnitude 10.5. Its posi- 
tion is 17" 31™.4, —28° 08’ (1950 co-ordi 
nates), not far from the 9th-magnitude 
star HD 159309, as shown on the accom 


panying photograph. 


NEW PENCIL-BEAM ANTENNA 
FOR RADIO ASTRONOMY 


\ major problem in radio astronomy 
is obtaining adequate resolution at long 
wave lengths. To separate two neighbor- 
ing radio sources, the size of the antenna 
must be increased in proportion to the 
wave length used. This need has caused 


IN THE CURRENT JOURNALS 


\NTI-MATTER, by Geoffrey 
and Fred Hoyle, Scientific 
\pril, 1958. “‘Anti-matter may exist in 
our galaxy, but it cannot exceed about 
one part in 10,000,000 of ordinary mat- 
ter if it is there. It is most unlikely 
that any of the stars in our galaxy can 


Burbidge 
American, 


be made of anti-matter.” 

ON THE “COLOR INDEX” OF ME 
PEORS, by L. G. Jacchia, Astronomi- 
cal Journal, 1957. “For 


meteors fainter than photographic mag- 


December, 
nitude —1.5 (visual magnitude about 
zero) a difference of 1.0 mag. in the 
photographic magnitudes of meteors 
corresponds to a difference of only 0.65 


mag. in the visual magnitudes.” 





In the Schmidt-camera 
picture at the right, the 
nova in Ophiuchus is 
marked by a southward- 
pointing arrow. The K- 
type star HD 159309 is 
the brightest, its two 
strong violet lines of 
calcium showing in the 
spectrogram at the left. 
In the upper right is 
an A-type star, with 
the Balmer series of hy- 
drogen absorption lines. 
The nova’s spectrum 
shows these same lines 
as bright. Photos from 
Mexican National As- 
trophysical Observatory. 


the building of giant interferometer sys- 
tems such as the 1,500-foot Mills cross in 
Australia. 

At the Cavendish 
bridge, England, a new “‘moving-T aerial” 
has been built, with the same resolution 


Laboratory, Cam- 


as an equivalent-sized Mills cross but re- 
quiring much less construction. As in the 
Mills cross, there is an east-west array, 
but the north-south arm is replaced by 
a small movable antenna that can be set 
at various wave spacings from the main 
antenna. In practice, 38 such settings are 
made in observing a single place on the 
sky. 

With this system, more than half the 
sky has been mapped at a wave length 
of eight meters (38 megacycles). The width 
of the antenna’s pencil beam is 2.2 de- 
grees at this wave length. One difficulty 
with an instrument of this design, how- 
ever, is that the complicated reductions 
of the data call for a large electronic 
computer. 

The new interferometer system, which 
was designed by J. H. Blythe, is described 
by him in the Monthly Notices of the 
Royal Astronomical Society, Vol. 117, No. 
6, 1957. 
PLANETARY TEMPERATURES 

For any investigation of the physical 
condition of the planets, we need to know 
their temperatures. Improved 
techniques have recently come into use 


surface 


for measuring the weak thermal radiation 
of each planet. A sensitive infrared de- 
tector, such as a Golay cell, is placed at 
the focus of a telescope, with filters to 
cut off reflected solar radiation of wave 


CENTIGRADE TEMPERATURES OF 


Planet Calculated 
Mercury, subsolar point + 352 
Venus, center of half-lit disk 30 
Moon, center of disk at full +114 
Moon, center of disk at new 170 
Mars, hottest point + 30 
Mars, sunrise near equator 108 
Jupiter, subsolar point 164 
Saturn, subsolar point 193 
Uranus, subsolar point 221 
Neptune, subsolar point ya) 
Pluto, subsolar point 213 


4 





lengths shorter than about eight microns. 
Improved accuracy is obtained by chop- 
ping the planetary radiation with a ro- 
tating shutter and using a.c. amplification 


of the thermocouple output. 

Such new developments, in the hands 
of W. M. Sinton, 
and John Strong, Johns Hopkins Uni- 
versity, mark a considerable advance over 


Lowell Observatory, 


the pioneer measurements of planetary 
temperatures made in the 1920's. These 
were by W. W. Coblentz and C. O. 
Lampland, at Lowell Observatory, and 
EK. Pettit and S. B. Nicholson, at Mount 
Wilson Observatory. 

In Leaflet 345 of the Astronomical So- 
ciety of the Pacific, February, 1958, Dr. 
Sinton has given a new compilation of 
planetary temperature data, from which 
the accompanying table is taken. Both 
computed and measured temperatures 
are listed, all on the centigrade scale. 

In the cases of Venus, Jupiter, Saturn, 
Uranus, and Neptune, the calculated 
temperatures are for the equator of a 
rapidly rotating planet that cannot ex- 
change heat between different latitude 
zones. For Mercury and Pluto, the compu- 
tation is for a plane surface perpendicular 
to incoming solar radiation. ‘The calcu- 
lated temperatures of the moon and Mars 
are based on the theory of surface heat 
conduction, neglecting the effects of any 
atmosphere. 

Dr. Sinton 
temperature 
especially for the remoter planets, as so 
little thermal radiation is received from 
them that observations are very difficult. 
Neptune and Pluto are probably too cold 
and too distant for present techniques. 


further 
needed, 


points out that 
measurements are 


THE Moon AND PLANETS 


Obseri ed Observers 


337 Pettit and Nicholson 

39 Strong and Sinton 

118 Pettit and Nicholson 

153 Pettit and Nicholson 

30 Strong and Sinton 

70 Strong and Sinton 

143 Coblentz and Lampland 
145 Coblentz and Lampland 
170 Coblentz and Lampland 
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AMERICAN ASTRONOMERS REPORT 


Here are highlights of some papers presented at the 99th meeting of the American Astronomical Society at 
Indianapolis, Indiana, in December, 1957. Complete abstracts will appear in the Astronomical Journal. 


Southern Stars of High Velocity 


Stars that appear to have high space 
velocities are of special importance, since 
they are the same kinds of object as those 
making up the central bulge of our Milky 
Way galaxy. Nancy G. Roman, Naval Re- 
search Laboratory, had recently published 
an extensive catalogue of these stars that 
are brighter than visual magnitude 9.5 
and north of declination —20°, but very 
little information has hitherto been avail- 
able about southern stars of this class. 

At the Mt. Stromlo Observatory in Aus- 
tralia, William Buscombe and Pamela M. 
Morris have now compiled a finding list 
of 1,315 probable high-velocity stars in 
the southern sky. They began by comput- 
ing the motions of all stars south of the 
celestial equator for which reliable trigo- 
The 
stars put into the list were those whose 
the 
the 


nometric parallaxes were known. 


velocities, relative to solar 


(corrected for 


space 
neighborhood sun’s 
motion toward Hercules), exceed 60 kilo- 
meters per second. 

A star’s space motion, however, is made 
up of two components, its radial velocity 


(along the line of sight) and its tangential 


velocity (at right angles to the line of 
sight). ° The Australian astronomers in 


cluded in the list stars for which only one 
velocity component is known, if it exceeds 
50 kilometers per second. There are very 
few determinations of radial velocity for 
faint southern stars, so they were further 
obliged to large motion 
(greater than 0.5 second of arc per year) 


use proper 
as a sole criterion in many cases. 

Of the 1,315 stars, there is complete in- 
formation—trigonometric parallax, proper 
motion, and radial velocity—for only '8 
per cent. Proper motions are availab:» 
for nearly all of them, reliable trigono- 
metric parallaxes for about half, and radi- 
al velocities for one-third of them. Nearly 
half of the stars in the list are fainter than 
magnitude 10, and about one in every 25 


is a known variable star, generally of the 
long-period or red semiregular type. 

Several southern observatories are co- 
operating to provide new data on high- 
velocity stars. At the Cape Observatory in 
South Africa, photoelectric magnitudes 
and colors, parallaxes, and proper mo- 
tions are being measured. The 74-inch 
reflectors at the Radcliffe and Mt. Strom- 
lo observatories are being used to obtain 
spectral classifications and radial veloci- 
ties. Also at Mt. Stromlo, the Yale-Colum- 
bia southern station has a program of 
measuring proper motions and parallaxes. 
The observatories at La Plata and Cor- 
doba, in Argentina, are contributing 
radial velocities and proper motions; fur- 
ther proper motion work is being done at 
the Sydney Observatory, Australia. This 
widespread collaboration should greatly 
increase our knowledge of high-velocity 
stars in the southern hemisphere of the 
Sky. 


Spectral Variations 
of HD 20336 


\ star of spectral type Be is hot, blue, 
and has bright lines of hydrogen in its 
spectrum. These emission lines originate 
either in an extensive atmosphere sur- 
rounding the star, or perhaps in a lens- 
shaped cloud rotating rapidly in the star's 
equatorial plane. The Doppler effect of 
(200 to 300 kilo- 
meters per the bright 
lines, but these are bisected by narrower, 
dark absorption lines, produced by the 
outermost gases on the side of the cloud 


the rotational velocity 


second) widens 


nearer to the observer. 

Thus, the bright lines apparently have 
two components, one on the violet side 
of the central absorption, the other on 
the red side. A number of Be stars show 
no change year after year in this emission- 
absorption structure, which evidently rep- 
resents a very stable ring or cloud. Other 
such stars show what is called V/R_ varia- 


tion — the relative intensity of the bright 
components of each hydrogen line varies 
with time. 

Dean B. McLaughlin, University of 
Michigan Observatory, reported on a 40- 
year series of spectrograms of one of 
these V/R variables, the 5th-magnitude 
star HD 20336, located at 3" 15™.6, +65° 
28’ (1950), near the boundary between 
Cassiopeia and Camelopardalis. 

Until 1932, the variation in relative 
brightness of the V (violetward) and R 
(redward) components followed a fairly 
regular period of roughly 4} years. Dur- 
ing this cycle, the hydrogen line as a 


whole shifted to longer wave lengths 
when the V component was stronger. 


When the R component was most intense 
(V/R ratio less than 1), the pattern as 
a whole was shifted to the violet by a 
similar amount (velocity change about 50 
kilometers per second). But the absorp- 
tion remained practically central in the 
emission line, and the width of the latter 
did not change appreciably. 

After 1932, however, the star failed to 
hold to this pattern of cyclic behavior. 
The ranges in velocity and in intensity 
both diminished, while the emis- 
sions faded. About 1937 the variations 
practically ceased, and since then the ve- 
locity has remained near its average value 
and the emission components have stayed 
practically equal in brightness. The 
latest observations, in 1957, show no re- 
sumption of the variations. 


ratio 


Dr. McLaughlin pointed out that an- 
other star, 25 Orionis, has also ceased its 
V/R variation, but in its case the Michi- 
gan observations show that the hydrogen 
emission lines disappeared entirely. The 
star Pi Aquarii had activity that stopped, 
began again, and then died out a second 
time. 

The cause of V/R variation is not 
known with any confidence. It was once 
thought that the changes might represent 





T T T T 


1OrF 


RATIO 


+50 F 





Se ee ee ee eee 


T T T T T aie 


T T T T T T T T T T 
V/R INTENSITY RaTio 4 


T T T Tt T ae | T 
See a INP fot FN OT Oe 
Emission Line Vevrocity J 
hae — i ee 








4) 
a 9 
Ww 
- § -SOF 4 
Www CENTRAL ABSORPTION Vewcoerrv 
=>” +50+- “e a 
SC a a i 
ce ‘ 

2u OF 0 dil * ; 
x 

-s0-, A 4. A. = A. A. A. 4. al. An =e = 4. A. 4. 4. A. 4. i A. i 1 A. 4. i iL iL L i iL iL L 4 L % i 4. 4. iL 4 4 Be 

1925 1935 1945 1955 


1916 


In the middle curve, the variations of the velocity of approach (—) and recession (+) for hydrogen emission features of 

HD 20336 are shown. The lowest curve is for the central absorption line only, while the uppermost line shows the ratio in 

intensity of the violet emission component to the red one. From about 1937 onward the fluctuations have practically died 
out. University of Michigan Observatory diagram. 
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lternate expansion and contraction of 
he atmosphere or equatorial ring, but 
nprobably large dimensions would be 
quired. Dr. McLaughlin thinks it more 
ikely that gas is continuously being shed 
rom the envelope or ring at the star’s 
quator, and that the variations represent 
changes in both the amount and speed of 
he material streaming out into space. 


Origin of Rapidly 
Rotating Asteroids 


Some five years ago, G. P. Kuiper pro- 
posed that the asteroids, as well as the 
principal planets, originated as condensa- 
ticns in a primordial solar nebula, and 
erew by the accretion of material. More 
recently, Eugene K. Rabe, of the Cincin- 
nati Observatory, has critically examined 
the consequences of this hypothesis to 
find whether it can account for the ob- 
served properties of the minor planets, 
such as the rapid rotations some of them 
POSSESS. 

\ccording to Kuiper’s formulation, the 
original protoplanets developed cores of 
solid material surrounded by gaseous en- 
velopes. In the case of the small but 
numerous asteroid condensations, the en- 


orotate 





more than 100 
times as large as the cores. Dr. Rabe re- 
ported his study of a hypothetical case of 


velopes were probably 


two such bodies, moving around the sun 
in independent but nearly parallel paths, 
and undergoing a close encounter. Would 
they capture each other to form a double 
asteroid, as a result of friction between 
their envelopes? 

\s a criterion for the stability of such a 
double body, Dr. Rabe postulated that 
the mutual attraction of two small spheres 
of density twice that of water) would 
have to be equal to or greater than the 
individual attraction of the sun for each 
component. In order for a stable binary 

» form at a distance of three astronomi- 
il units from the sun (where asteroids 
re most numerous), the minimum radius 


of each body would have to be 4.7 kilo- 
meters. However, at Jupiter’s distance, 
where the Trojan asteroids are located, 
radii of 1.6 kilometers would be sufficient, 
because the disruptive effect of the sun’s 
attraction would be much less. 

Once such a binary system had formed, 
continued friction between the two en- 
velopes would reduce their relative veloc- 
ity and they would tend to spiral inward 
Mass 
their coalescence to 


toward one another. accretion 


would also hasten 
form a single body rotating with the pe- 
riod of relative orbital motion just before 
final contact between them. This period 
was found to be somewhat longer than 
4.7 hours, regardless of the solar distance 
of the particular asteroids involved. 

A body formed by such a process should 
have a distinctly elongated shape. This 
for the rhythmic light 
variations of many of the bright minor 


would account 


planets, such as Eros, changes long ago 
recognized as due to rotation. The actual 
shortest observed periods of such light 
fluctuations are close to 4.7 hours (Sky 
and Telescope, March, 1953, page 129). 

To test the validity of the hypothesis, 
Dr. Rabe has calculated by numerical in- 
tegration the history of a pair of spherical 


The Rabe calculation 
was based on the inter- 
vals shown in this dia- 
gram, where the _ ticks 
denote 21-minute in- 
tervals in the fictitious 
model. As the conden- 
sations increase in mass 
they spiral together and 
coalesce. Going back- 
ward in time from the 
points labeled “start,” 
the bodies are found 
to have originally been 
moving independently. 
For computational pur- 
poses, the masses were 
assumed to increase by 
five per cent in each 
interval. Cincinnati Ob- 
servatory diagram by 
E. K. Rabe. 
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condensations, each 10.58 kilometers in 
radius and of density 2.0, revolving around 
each other in circular orbits at a distance 
apart of 31.74 kilometers, corresponding 
to the assumed approximate limit of sta- 
bility. ‘Their solar distance was taken as 
three astronomical units. 

In order to obtain the essential features 
of the orbital changes quickly and with- 
out a prohibitive amount of computing, 
Dr. Rabe assumed that the masses of the 
condensations increased with time at a 
fictitiously rapid rate. In the diagram, the 
change of mass is indicated by the sizes of 
the circles that show the geometrical cross 
sections of the two spheres. While this 
fictitiously rapid orbital development is 
convenient, and that coalescence 
would actually take place, such a pair of 


shows 


bodies would actually complete many 
mutual revolutions between the times of 
capture and final contact. 

From the time labeled “start” in the 
diagram, Dr. Rabe computed backward, 
to find that a mass loss by a factor of 
about two leads to instability and to dis- 
solution of the pair, whereas a mass in- 
crease by a factor of about 1.5 would be 
sufficient to cause inward spiraling and 
the formation of one combined body. Its 
rotational period would be 4.7 hours, in 
excellent agreement with the theoretical 
conclusion. 

Since the period of revolution of a 
binary asteroid depends, by Kepler's third 
law, only on the mutuai distance and on 
the values of the masses, it does not mat- 
ter whether the two components are finally 
brought to contact by a gradual mass ac- 
cretion, or by friction between their gas- 
eous envelopes. 


Artificial Satellite Temperatures 


The range of temperatures for a close 
earth satellite has been evaluated theo- 
retically by Raymond H. Wilson, Jr., of 
the Naval Research Laboratory, using 
formulae derived from the well-known 
laws of radiation. Practically all the heat 
exchange must be by the absorption and 
re-emission of radiant energy — predomi- 
nantly solar radiation. 

The sun’s heat would give an average 
temperature of +8° centigrade to a per- 
fectly absorbing satellite that spent 80 
per cent of the time in sunlight. This 
would be the temperature of the pro- 
tected interior; the surface would vary 
from about +22° or more when the satel 
lite was in sunlight to —6° or lower when 
it was in the shadow of the earth. 

Dr. Wilson has also computed the effect 
of solar energy reflected from the earth 
and of the heat radiated by the earth. 
They turn out to be minor influences, 
raising the average temperature of the 
satellite by about four degrees. For these 
combined effects, Dr. Wilson adopts an 
average temperature value of F! x 300° 
Kelvin, where F is the fraction of time 
the satellite is in sunlight. 

The foregoing temperatures hold only 
if the satellite is an idealized ‘black 
body.” The nature of its surface has a 
ereat effect. For example, inside a shell 
of typical aluminum alloy continuously 
in sunlight, the mean temperature could 
be as low as —42° centigrade if the sur- 
face has been coated with silicone, or as 
high as +117° if the surface is clean and 
polished. Evidently, the temperature of 
the satellite can be held close to any de- 
sired value in this range through suitable 
finishing of its exterior. 

All Dr. Wilson’s predictions depend 
upon the assumption of 6,150° Kelvin for 
the effective temperature of the sun. An 
improvement on this value could result, 
he suggests, from the temperatures re- 
ported by actual satellites. 
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The Milky Way from Taurus to Scorpius, drawn under the supervision of Knut Lundmark, Lund Observatory. 


GETTING ACQUAINTED WITH ASTRONOMY 


THINGS TO OBSERVE IN THE SKY —II, by Edward G. Oravec 


‘gs MARCH, when this department was 
started, we talked about simple con 
turn to the host 


stellation study. Now we 


of attractive objects to be found in the 


heavens 
THe Mirtky Way, 
SraR CLUSTERS, AND NEBULAE 


Extending completely around the sky, 


from Cepheus and Cassiopeia in the 


north to Crux and Centaurus in the 
south, is the hazy irregular band of light 
Milky Way. It lies along 


plane of flattened, 


known as the 
the principal 
spiral-shaped system of stars, and is itself 
composed of millions upon millions of 
clouds of 


our 


stars, with vast 


dust and gas, some dark and obscuring, 


interspersed 


some luminous, 
Phe great starclouds of the Milky Way 


A Harvard Observatory photograph of the Milky Way in Cygnus. 
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The constellation of Orion, photo- 
graphed with a simple condenser lens 
by Philip C. Fisher. The belt stars run 
diagonally across the center; below 
them, in the sword, a fuzzy patch is the 
Great Nebula in Orion, easily observed 
in a small telescope. (See page 353.) 
may be studied best on clear, moonless 
nights when stars to the 5th magnitude 
are readily discernible to the naked eye. 
It is then that the Milky Way, with its 
bright patches and dark rifts, can be ap- 
preciated in all its splendor. It is most 
spectacular in the constellations of Sagit- 
tarius, Scorpius, Ophiuchus, and Cygnus, 
for mid-northern while in 
Orion and Monoceros it is inconspicuous. 
Therefore, the Milky Way as seen in the 
summer and fall of the Northern Hemi- 
sphere is superior to its appearance in 


observ ers, 


winter and spring, in brightness, extent, 
and complexity. 

Without optical aid, several important 
star clusters may be found by an observer 
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The Milky Way from Sagittarius to Orion. 


who knows their respective constellations. 
In Taurus are the Hyades and_ the 
Pleiades, two of the nearest and brightest 
of the open or galactic clusters. In Cancer 
is Praesepe, the Beehive, while along one 
side of the Keystone in Hercules lies a 
elobular cluster, M13, the light of which 
takes some 30,000 years to reach us; this 
cluster looks like a hazy star of the 5th 
magnitude (see page 356). 

The prefix M indicates an item in the 
catalogue of some 100 nebulous objects 
compiled by Charles Messier nearly 200 
go. He labeled the great gaseous 
nebula in Orion’s sword with No. 42, and 
the spiral galaxy in Andromeda, one of 
our neighbors, No. 31 (see page 354). 
Both of these objects may be discerned 


vears ag 


without optical instruments. 

Binoculars aid considerably in studying 
fainter constellations and small groups of 
stars, especially from towns and cities 
where the stars appear dim in a bright 
sky. Powers ranging from 6x to 10x are 
perhaps best, and these instruments can 
be held by hand; more powerful binocu- 
lars should be mounted sturdily. Inex- 
pensive imported binoculars are easy to 
They should be of the prism 
type, giving fields of six or seven degrees. 


obtain. 


Field glasses or opera glasses of the Gali- 
lean type have rather small fields of 
view for astronomical purposes. 

With such optical aid, one obtains the 
best views of the Hyades and Pleiades 
clusters and notices the greenish color of 
the Orion nebula. The Beehive, M35 in 
Gemini, and the Double Cluster in Per- 
scus may be resolved into stars. Binocu- 
lars improve the appearance of M31 and 
brighten M13, but globuJar clusters and 
galaxies are, in general, telescopic objects. 


DouBLE STARS 
\ large fraction of the stars are double 


4 multiple, although appearing as single 
bjects to the unaided eye. Most of them 


are binaries, physically associated pairs 


in which the components revolve around 
ch other in periods of from about five 
burs to many thousands of years. Some 





Owners of small telescopes find the 
double star Mizar, where the Big Dip- 
per handle bends, easy to resolve into 
its two bright components, 14.6 seconds 
of arc apart. This early Harvard photo- 
graph has two sets of images. 


*’ ORION ® 
t/. eo, 
M. Ye 


The grid lines mark galactic latitude and longitude. 


pairs are so close together they can never 
be seen double, even in the most power- 
ful telescopes, but others are farther 
apart and may be separated in instru- 
ments usually used by amateurs. 

Many thousands of visual double stars 
have been catalogued, and convenient lists 
of them are available. Small telescopes 
will show Mizar, the star at the bend in 
the handle of the Big Dipper, to be 
double. (Near Mizar is also a 5th-magni- 
tude companion, Alcor, that anyone with 
normal eyesight should see easily.) Binoc- 
ulars will show that Epsilon Lyrae is 
double, and a good 3-inch refractor will 
just separate the components of each star 
of the wide pair — this is a quadruple 
system. Albireo, the star at the foot of 
the Northern Cross, is an easily observed 
pair whose components contrast beauti- 
fully in blue and gold. 

Observing books like Olcott’s and Nor- 
ton’s give lists of double stars of varying 








Without a telescope, most observers see the easily identified Pleiades cluster in 

Taurus as a small dipper. Binoculars or a low-power telescope show it as a field 

of brilliant diamonds, the six brightest being named (left to right) Atlas, 

Alcyone (Eta Tauri), Merope, Maia, Electra, and Taygeta. This picture was 

made by Luc Secretan, Washington, D. C., on December 8, 1955, using a 2-inch 

long-focus lens, exposure 10 minutes on Tri-X film. Here north is at the top as 
seen in binoculars; an astronomical telescope would invert this view. 
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difficulty. The major considerations are 
the apparent distance between the com- 
ponents of each double and their relative 
brightnesses. Stars of magnitude between 
3 and 6 and only 20 seconds of arc (20”) 
may be readily resolved with low power. 
When the magnitudes differ considerably, 
either a greater power must be used or 
the separation of the stars must be larger 
for them to be seen individually. 

The serious double star observer should 
consult such works as Aitken’s double 
star catalogue, where observations of 
each pair over the years are listed. The 
apparent separations of many _ binaries 
change while their components revolve. 
What may have been an easy binary 20 
vears ago may be very difficult to observe 
as double now, and vice versa. For this 
reason, observing lists of selected stars 
should generally be taken only from re 
cent compilations. 

Without special equipment, such as a 
double-star interferometer or a filar mi 
crometer, and a well-mounted telescope, 
the average amateur cannot expect to con- 
tribute much of scientific value in this 
field. Observing double stars is interest 
ing, however, even with instruments of 
low power, and much information of an 
astronomical nature may be obtained. 
Double stars are usually considered the 
best objects with which to test the quality 


of a telescope lens or mirror. 


VARIABLE STARS 


This is a field in which amateurs make 
a valuable contribution to astronomy. 
With only the most elementary instruc- 
tions and simple equipment, many vari- 
able stars may be studied. Even to the 
naked eye, there are a dozen or two with- 
in range, but with 8-power binoculars 
several hundred variables may be scen. 

\ variable star is one that changes in 
apparent brightness. Some of them are 
double stars that revolve in a plane lying 
close to our line of sight; therefore, at 
regular intervals one star may pass in 
front of the other, producing a partial or 
total eclipse, temporarily reducing the 
combined light of the pair. These double 





Three main phases in the history of RR Pictoris, which was originally of appar- 

ent magnitude 12.7 (left), but became a nova in 1925 (center) reaching magni- 

tude 1.2. At the right it has begun to fade back to obscurity, a process taking 
many years. This star is also called Nova Pictoris 1925. 


stars are also called eclipsing variables. 
\mateurs may derive much pleasure and 
experience from following some of them, 
such as Beta Lyrae and the famous star 
\lgol, in Perseus. An eclipse of the latter 
star requires nine hours to transpire and 
reduces its brightness to about one-third; 
these eclipses occur every 2 days, 20 hours, 
and 48 minutes. 


This key chart shows 
the location of Delta 
(6) Cephei, the first 
known of the Cepheid 
variables. It is the star 
from which the class re- 42 

ceived its name. 


CASSIOPEIA 


Stars whose brightness fluctuations are 
intrinsic may be divided into three 
classes: Cepheid, long-period, and irregu- 
lar variables. In the first class, the mag- 
nitude variations and periods may be 
determined with great accuracy; these are 
rapidly pulsating stars with periods rang- 
ing from a couple of hours to several 
weeks. Delta Cephei, the prototype of 








— 

















When the famous long-period variable, Mira, is near its maximum brightness, 

about 3rd magnitude, the constellation of Cetus looks as at the left, but at 

minimum Mira disappears from naked-eye view, as at the right. The variable’s 
period averages about 330 days. 
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this class, and Eta Aquilae are the best- 
known naked-eye Cepheids for northern 
observers. Lists of bright variables of all 
kinds may be found in observing books. 

Ihe two other classes, long-period and 
irregular variables, are the particular con- 
cern of the American Association of Vari- 
able Star Observers (AAVSO). There are 
over 100 long-period variables that are 





brighter than 9th magnitude at maxi- 
mum, which means they are at times 
visible in binoculars and are well ob- 
served in a 3-inch telescope; many irregu- 
lar variables are at least this bright. Mira, 
in the constellation Cetus, is the best 
known of the long-period — variables, 
changing from about the 9th to the 3rd 
magnitude and back again in roughly 11 
months. A famous irregular variable is 
Betelgeuse, the red Ist-magnitude star in 
Orion’s shoulder. 

Another program relating to variables 
is the search for novae, stars that sudden- 
ly become conspicuously bright and then 
gradually fade to obsturity. Such “new 
stars” usually appear in the Milky Way, 
and to scan there systematically with the 
naked eye, or to scrutinize small Milky 
Way areas with binoculars, constitutes a 
program of observing that many find of 
great interest. A nova search program 
for amateurs is conducted by the AAVSO, 
from whom information concerning it 
may be obtained. Amateur astronomers 
should write to the Director, AAVSO, 4 
Brattle St., Cambridge 38, Mass., for in- 
structions on variable star observing. 


(To be continued) 
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Amateur Astronomers 


ASTRONOMICAL LEAGUE CONVENTION NOTES 


EGISTRATION is open for the gen- 

eral convention of the Astronomical 
League, to be held at Cornell University, 
Ithaca, New York, July 3-6. Until May 
$list, the registration fee will be $1.00 
per person; from June Ist, $2.00 each 
person and $3.50 per family. 

Remittances should be mailed to 
Stephen Weber, 302 Beresford Rd., Roch- 
ester 10, N. Y. He will also accept reser- 
vations for the convention banquet at 
$3.75 per person. 

Housing accommodations in the uni- 
versity dormitories may be secured from 
Mr. Weber at $4.00 a night for one per- 
son in a room, $5.00 for two persons in 
a room. 

Thursday, July 3rd, will be devoted to 
registration, the setting up of exhibits, 
and informal gatherings. The convention 
will open at 10:30 Friday morning; the 
afternoon session, at 1:30, will be on satel- 
lites and MOONWATCH. Following the 
convention photograph at 3 o'clock, an- 
other IGY session on aurorae, the sun, 
and meteors will be held. A star party is 
scheduled that evening at Fuertes Ob- 
servatory. 

On July 5th, the 9 a.m. session will be 
devoted to instrumentation, followed by 
talks by members of the Association of 
Lunar and Planetary Observers. Juniors 
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Venus and the “old moon in the new 
moon’s arms,” seen over the Denver 
Civic Center, December 24, 1957. 







will hold their meeting at 1:30 that after- 
noon. The convention banquet is to start 
at 6:30 p.m., and after it another star 
party will be held. 

The Northeast Region will meet on 
Sunday morning, July 6th, followed by 
a second ALPO session. The convention 
will close at noon. 

Amateurs desiring program time should 
send short abstracts of their talks to G. T. 
Keene, 76 Westland Ave., Rochester 18, 
N. Y., by June 9th. None will be read in 
absentia or by title; reading time should 
be limited to 15-18 minutes. 


WESTERN AMATEURS TO MEET 
AT PASADENA 

The 10th annual convention of the 
Western Amateur Astronomers will be 
held at California Institute of ‘Technol- 
ogy, Pasadena, California, on August 
15-17. Cosponsors of the meeting are the 
Los Angeles Astronomical Society, the 
Excelsior Telescope Club, and the Whit- 
tier Amateur Astronomers Association. 


FT. WAYNE, INDIANA 

On March 5th, a group of amateurs 
organized the Ft. Wayne Astronomical So- 
ciety. Officers elected are: Rudolph Soltesz, 
president; Bert Leifer, vice-president; and 
Paul Miller, treasurer. Interested persons 
and other amateur clubs are invited to 
communicate with the secretary, Harold 
Clupper, 2106 Melbourne Court, Ft. 
Wayne, Ind. 


NORTHWEST CONVENTION 

The new Oregon Museum of Science 
and Industry, Portland, Oregon, will be 
the scene for the annual meeting of the 
Northwest Region of the Astronomical 
League, July 4-6. The hosts will be the 
Portland Astronomical Society and the 
Portland Amateur Telescope Makers and 
Observers. 

Howard Richards, Portland, has been 
named general chairman of the conven- 
tion, while other committees are headed 
by: James H. Karle, program; Howard 
Schmadeke, exhibits; Floyd Ragner, ob- 
serving; George Hohnstein, publicity; 
Margaret Kobs, registration; and Marge 
Krutsinger, social. Amateurs wishing to 
give talks are requested to contact Mr. 
Richards, at 2814 N.E. 27th Ave., Port- 
land 12, Ore. 


CHRISTMAS OVER DENVER 

Harry W. Brauneis, of Aurora, Colo- 
rado, took this picture of Venus and the 
moon on Christmas eve, 1957. The planet 
is in the left center, and the lighted build- 
ing in the foreground is the Denver Civic 
Center. Notice the earthshine on the 
moon, the crescent portion being over- 


exposed. Mr. Brauneis used a 3}-by-44 


Speed Graphic camera at f/4.7 in this five- 
second exposure on Royal Pan film. 


THIS MONTH’S MEETINGS 

Cleveland, Ohio: Cleveland Astronomi- 
cal Society, 8 p.m., Warner and Swasey 
Observatory. May 16, Dr. Jurgen Stock, 
Case Institute of Technology, “Astronomy 
in South Africa.” 

Detroit, Mich.: Detroit Astronomical 
Society, 2:30 p.m., State Hall, Wayne 
State University. May 11, Dr. William 
Liller, University of Michigan, ‘What 
Comets Are Made of.” 

Edinburg, Tex.: Magic Valley Astro- 
nomical Society, 8 p.m., Pan American 
College Observatory. May 16, Paul Engle 
and Dr. J. L. Elliott, Pan American Col- 
lege, “Learning the Constellations.” 

Madison, Wisc.: Madison Astronomical 
Society, 8 p.m., Washburn Observatory. 
May 14, Dr. C. M. Huffer, Washburn 
Observatory, “The Literature of Astrono- 
my.” 

New York, N. Y.: Amateur Astronomers 
Association, 8 p.m., American Museum of 
Natural History. May 21, annual business 
meeting. 

Plainfield, N. J.: Amateur Astronomers 
of Union County, 8 p.m., Stillman School 
auditorium. May 16, motion picture, Our 
Mr. Sun. 

Washington, D. C.: National Capital 
Astronomers, 8:15 p.m., Commerce De- 
partment auditorium. May 3, Dr. Geoffrey 
Keller, National Science Foundation, 
“The Results of Recent Solar Research.” 


A GARAGE OBSERVATORY 


Last summer I designed and constructed 
the combination garage and observatory 
illustrated below. The building houses 
my homemade 10-inch reflector, which sits 
on a concrete pier 12 inches in diameter, 
making the mounting almost vibration- 
free. The floor was specially braced to 
carry a heavy load. 

The dome is 14 feet in diameter and 
rotates on 30 roller-skate wheels, turning 
easily enough so that a mechanical drive 
may be added in the future. It is made 
entirely of waterproof plywood, since I 
had no equipment for working with 
metals. 

The ribs were built up of five thick- 
glued and 


a3 
l-inch 


nesses. of plywood, 
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The Alpha-Omega Observatory, atop a 
garage, designed and built by Charles 
H. Worch, Canal Winchester, Ohio. 
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nailed together over a form of the proper 
radius. The segments between the ribs 
were also covered with }-inch plywood. 
The dome was completely waterproofed 
by covering it with muslin, then three 
coatings of fiberglass resin, and finally 
three coatings of copper-bronze_ boat-bot- 
tom paint. 

I'wo pieces make up the dome slit. The 
top one slides back over the dome, while 
the bottom part, which is very light, is 
removed when I am observing. I estimate 
that the dome took 200 working hours to 
complete and cost about $300 in material. 

It is planned to name the installation 
Alpha-Omega Observatory. I am a mem 
ber of the Columbus Astronomical Society. 

CHARLES H. WORCH 
Canal Winchester, Ohio 


SOUTHEAST CONVENTION 


The Rocket City Astronomical Associa 
tion, Huntsville, Alabama, will be the 
host society for the Southeast regional 
convention of the Astronomical League, 
May 10-11. Feature speakers will be Dr. 
Armand N. Spitz, Spitz Laboratories, and 
Dr. J. Allen Hynek, Smithsonian Astro- 
physical Observatory. The sessions are 
open to all interested amateurs. 

Program time may be secured from 
Joseph Schoebert, 1074 Sunnypoint, Eau 
Gallie, Fla. Housing arrangements may 
be made with John B. Love, Box 620, 


Huntsville, Ala. 


CRAYFORD OBSERVATORY 


On the eastern edge of London, at 
Crayford, Kent, a new public observatory 
was dedicated last February. Its director 
is G. H. Robinson, an amateur who has 
been active for many years in publicizing 
astronomy. 

The main instrument of the observa- 
tory, which was donated by Mr. Robinson, 
is an 18-inch reflector with optics by J. 
Hindle. The telescope can be used as a 
Cassegrainian of 525 inches focal length, 
a Newtonian of 72 inches focus, or a 73 
inch off-axis Herschelian. The mirror has 
a 12-point flotation support. 

To minimize air currents, the tube is 
an open framework with two-inch-square 
beechwood. The equatorial 


mounting has slow motions in right as 


struts of 


cension and declination; a motor drive 
and setting circles are to be added. Such 
accessories as a spectroscope, micrometer, 
and photographic equipment are also 
planned. Besides the 18-inch instrument, 
the observatory has 9- and 6-inch reflect 
ing telescopes. 

Open nights are on Fridays, when visi- 
tors may observe their favorite objects. 
By arrangement, classes and clubs can 
attend on Wednesdays and Thursdays. 
Individual amateurs may use the tele 
scopes at special times. 

This information is from an account 
of the new observatory communicated by 
Timothy J. Martin, 134 Brampton Rd., 
Bexleyheath, Kent, England. 
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A 9-INCH SPRINGFIELD TELESCOPE FOR PUBLIC OBSERVING 


I'RIP to almost any long-established 
A astronomical museum will show that 
the practice of decorating instruments is 
not new. As I am a band-instrument en- 
graver by trade and have some talent in 
ornamental design, I accepted the chal- 
lenge presented by the clean smooth 
surface of the tube of my 9-inch Spring- 
field reflector. Aluminum lends itself well 
to engraving. 

\fter making — several 
sketches to lay out the design, I scoured 
the surface with steel wool. This produces 
a satin finish that adds much to the 
sparkle of the engraving, although it 
dloes not show too well in the photograph. 

I built an oversized sawbuck in which 
to place the tube while engraving. On 
one crotch was a pair of rollers to allow 
easy rotation of the tube and on the 


preliminary 





other crotch a pair of rubber pads to 
prevent the tube from turning while the 
engraving was being done. The engraving 
process required roughly 100 to 120 
hours. 

\ Springfield mounting was chosen 
since the instrument is being used for 
public observing. The pier is set on a 
triangular base that has three wheels, so 
that the telescope can be rolled in and 
out of the building on rails set securely 
in concrete. The complete job weighs 
about 300 pounds. 

This project was made possible through 
the kindness of Robert Q. Noyes, now a 
chief engineer for one of our local 
machine-tool manufacturers. 

REX M. BARTMESS 
194 Gage Ave. 
Elkhart, Ind. 


Rex M. Bartmess built this 9-inch reflector for public observing. In this appli- 
cation, the Springfiela type of mounting is particularly useful, as the eyepiece 
stays in the same place no matter where the telescope is pointed in the sky. The 
mounting has very precise setting circles: right ascension is on the plate below 
the eyepiece prism assembly, while declination is on the plate around which 
the saddle rotates. Counterbalance supports extend from the tube top. Only 
a few of the scroll designs on the decorated tube can be seen in this picture. 
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6"" STANDARD 
MODEL 











Only Criterion could produce such magnificent instruments at such reasonable cost. Combining the 
latest advances in optical engineering with the old-world skill and patience of master craftsmen, 
these superb new Dynascopes, custom made, offer top-quality performance. Every feature neces- 
sary for superior viewing is precision finished to professional standards. Optical surfaces accurate 
to 1/10 wave. 

The five matched eyepieces are the finest orthoscopic and achromatic. Mechanical features are 
carefully custom built to assure trouble-free operation. Construction throughout is of lifetime mate- 
rials. There are both maximum rigidity and easy portability. 

Above all, Criterion’s strict quality control allows no room for chance. Each Dynascope is doubly 
tested and inspected; these rigid tests must be flawlessly met before shipment. Your satisfaction 
UNCONDITIONALLY guaranteed. Yet the price is amazingly low. 





6” Standard Model (80 Ibs. shipping weight f.o.b. Hartford) $265 

Also Illustrated: Electric Clock Drive, $80; Setting Circles, $60; Permanent Pedestal, $70. 

Write today for full specifications and details of these superior reflecting telescopes. 
Easy-payment terms available on request. 











CRITERION MANUFACTURING COMPANY 


Manufacturers of Quality Optical Instruments 


Dept. D-16, 331 Church St., Hartford 1, Connecticut 


Illustrated above is the 6” De Luxe Dynascope. 


Criterion's Famous Dynascopes 
10” — 12” — 16” starting as low as $265 


Custom built to meet a professional's exacting specifications 
Priced within easy reach of the serious amateur 








Superior Features Include 


f/9 Parabolic Mirror, accurate to 1/10 wave 
Fully Rotating Tube, for comfortable viewing 
Massive Equatorial Mount, adjustable for your 
latitude 

5 Matched 114” Eyepieces 
Ramsdens (45X, 76X, 152X) 
(228X, 343X) 

8 x 50 Achromatic Finder Scope with cross- 
hairs 

Secondary Support that minimizes diffraction 
Declination Axle, 1/2’ diameter, with slow 
motion 

Polar Axle with Needle Bearings on 11/2” 
shaft 

Rack-and-pinion Focusing 

Double-draw Focusing Tube for any eyepiece 
Precision-fashioned 54’’ Bakelite Tube 
Lightweight Portable Tripod (hidden inside 
pier of de luxe model illustrated) for field 
trips 

Exclusive Two-way Pier-tripod — a massive 
45-pound pier for permanent installation 


3 Achromatic 
2 Orthoscopics 
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Foliow the Stars 


Wherever You Go 





witha 
BALSeODe 


TELESCOPE 


Now you can enjoy astronomy whenever 
you wish—wherever you are, thanks to 
the excellent portability of the BALscope 
60mm telescope. Why, it’s so compact 
(16Yy” long, weighs 48 ounces) you can 
carry it anywhere, and it can be mounted 
on any pan-head camera tripod with a 
B&L tripod adapter. 

Focusing the BALscope is simple yet 
precise with its unique prism-focusing 
system. Its high light-gathering power 
and lack of stray light enables you to 
observe stars down to the tenth magni- 
tude on moonless nights. Four easily in- 
terchangeable eyepieces ranging from 
15X to 60X provide excellent results— 
from Star Clouds to Double Stars. Of 
course, you'll find the BALscope is also 
the finest terrestrial telescope available. 

You can own the 
Par BALscope for just 
@e 


pennies a day under 
PAYMENT 





new Time Payment 
Plan offered by B&L 
dealers everywhere. 


$G@-18 per mo. 
$115 cash price 


WRITE for free copy of G-36, “The 
Telescope.” Tells all about the BALscope 
and how it is so ideally suited to amateur 
astronomy. Tells also of many ways your 
family will enjoy the BALscope. 

Bausch & Lomb Optical Co., 

25829 Lomb Pk., Rochester 2, New York. 


PLAN 


BAUSCH 6 LOMB 
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OBSERVER’S PAGE 


Universal time is used unless otherwise noted. 


PRIME-FOCUS PHOTOGRAPHY FOR THE AMATEUR 


ARGE-SCALE IMAGES are needed to 

give satisfactory results when pho- 
tographs are made of such important 
celestial objects as galaxies, nebulae, plan- 
etaries, compact star clusters, and globular 
clusters. And for the moon and planets, 
the best enlargements are made from 
sharply focused negatives of as large a 
scale as possible. 

Amateur-built Newtonian reflectors can 
be used, but the conventional diagonal 
mirror or prism restricts the field unduly, 
loses light, and may cause image deteriora- 
tion. With a reflector of large enough 
aperture, 10 inches or better, the best 
place to take long-focus pictures is inside 
the main tube at the prime focus of the 
primary mirror. 

The construction of a 
camera for my 12}-inch Springfield reflec- 
tor was described in the Gleanings for 
\TM’s department in January and Feb- 
ruary this year. Now I wish to outline 
how this camera is used. The accompany- 
ing pictures that I have obtained with it 
demonstrate the possibilities of this meth- 
od of amateur photography. The Glean- 
ings article should be consulted for 
detailed information, but for convenience 
the assembled camera is again pictured 
here. The telescope as a whole is seen on 


prime-focus 


the front cover of this issue. 

For first-class celestial photography, a 
telescope should be equipped with setting 
circles, a good drive, manual or electric 
slow-motion controls, and the optical 
parts must be in excellent alignment. It 
is of considerable importance to have the 
telescope mounting adjusted to point the 


The Ring nebula in Lyra, M57, photo- 

graphed with Clarence P. Custer’s 

prime-focus camera, enlarged 55 times 

from the plate scale. The exposure 

time was two hours, on a III-O plate, 
June 25, 1954. 


polar axis accurately at the celestial pole. 
This may be done as described by Allyn 
J. Thompson in Making Your Own Tele- 
scope, page 162, by observations of 
Polaris... The more precise this adjust- 
ment, the easier it will be to follow the 
guide star during the exposure. 

1. A. photographic method is given in 
Edward S. King’s A Manual of Celestial 
Photography, Eastern Science Supply Co., 
Boston, Mass., 1931, pages 31-33. 





The Custer prime-focus camera assembled for insertion in the telescope tube. 

The rods at the left control the plateholder movement and the shutter. The 

slotted screw at the top of the outer cylinder’s wall is for focusing the camera. 

Immediately above is the field-viewing device, while suspended at the upper 
right are the optics used for guiding during the exposure. 











~~ 





t 





ol curvature. 


ight-gathering power of the 12} 


-inch reflector and the value of accurate guiding are demonstrated in this 45-minute 


picture of M42, the Great Nebula in Orion, made by Dr. Custer January 30, 1954, on 103a-O emulsion. The nebula is larger 
and its structure is plainer in this photograph than in a telescope of the same aperture used visually. 


\n essential requirement for good pic- 
tures is the sharpest possible focus, but 


the position of best setting changes be- 
and 
beyond the observer’s control. 


other effects 


Therefore, 


cause of temperature 
before each exposure I focus the camera 
by a null test of the primary mirror, using 
i moderately bright star. A special back- 
less plateholder is used, which carries a 
the emulsion 


knife-edge mounted in 


plane 

The process is much like the Foucault 
testing of a spherical mirror at the center 
The Erfle eyepiece of the 
ld-viewing device is removed as soon as 
e knife-edge and the star image are in 
The focal adjustment 
uni- 


lose proximity. 
darkens 
the 
nage is brought behind the knife-edge 
ith the aid of the slow-motion controls. 


varied until the mirror 


formly and simultaneously as star 


With some care, a focus setting correct 
to 1/1,000 of an inch can be attained. A 
refinement on this method is to use two 
knife-edges at right angles; the difference 
between their settings reveals any astig- 
matism of the mirror. After the focus has 
been found, the special plateholder and 
the are 
from the assembly. 

Next, 
must be correctly centered in the camera 
field. 
picked up in the finder telescope, and the 


focusing control rod removed 


the object to be photographed 


If it is not bright enough to be 


setting circle is not provided with a slip 
ring, se'ect a nearby bright star of known 
right ascension and declination, centering 
it in the field-viewing eyepiece. The tele 
scope is then shifted to the object’s dec- 
lination. A similar shift is made in right 
ascension by the amount of the difference 
between the star and the object. If the 


setting circle has a slip ring, it can be 
adjusted to indicate the star’s right ascen- 
sion and the telescope turned until the 
right ascension of the object is indicated. 
Che latter should now appear in the field 
of the Erfle eyepiece, but certain nebulae 
may be too faint for such visual checking 
and the exposure must be made on the 
basis of the differential setting alone. 
Once the plateholder is inserted, the 
field-viewing eyepiece can no longer be 
used. The device seen at the right in the 
picture of the assembled camera is used 
to find a star bright enough for accurate 
As explained in the February 
issue, pages 201 and 202, 
sembly inside the telescope can be shifted 


guiding. 
the guiding 


across and in the observer’s line of sight 
until a suitable star is seen, and then it 
is locked in thumbscrews. 
The 


place with 


control rod is removed, to get it 
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A photomontage of the Great Nebula in Andromeda, 





1, from three separate negatives taken by Clarence P. Custer 


with his 125-inch reflector and prime-focus camera. The central section, containing the galaxy’s nucleus (somewhat over- 
exposed), was photographed after M31’s meridian passage on November 7-8, 1953, from 10:30 p.m. to 1:00 a.m. Pacific standard 
time. The southern wing of the galaxy, at the left, was taken September 18-19, 1955, from 10:20 p.m. to 12:55 a.m., just 


out of the light’s path, since it does not 
lie in the plane of one of the spider arms. 

In my telescope, it is possible to move 
the guiding assembly sideways for more 
than half an inch. This is a great help 
for finding suitable guide stars, for they 
may be few and far between! It is de- 
sirable to use a star near the optical axis 
of the mirror to avoid comatic flare of 
the image. Actually, with my f/8 mirror 
a guide star near the plateholder is 
perfectly round, and the plates show no 
evidence of comatic distortion, even in 
\t the 800x magnification 
I use for guiding, distortion could become 


the corners. 


objectionable, but professional astrono 
mers operate large f/5 reflectors that may 
have pronounced comatic distortion of 
the guide star. 

Then I center the guide star on the 
cross wires of the reticle, and adjust the 
rheostat that controls their brightness un- 
til both wires and star can be comfortably 
seen. Very accurate guiding is possible if 
the star is so bright that the wires are 
visible as a dark cross on the star image. 
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In that case, even a very slight drift of 
the star from the intersection can be 
recognized, and the star may be brought 
back at once with the aid of the slow 
motions. 

These preparations of focusing and 
centering the subject, and locating a 
suitable guide star, have on occasion 
taken me as long as an hour or two, and 
sometimes the actual exposure must be 
postponed to the next clear night. But 
if the adjustments are left undisturbed, 
and if a chart is drawn to identify the 
field of. the focusing eyepiece, then the 
guide star can be found again within a 
short time on the following night. For 
best results the exposures should be con- 
fined to the period from two hours be- 
fore to two hours after the object reaches 
the meridian. 

The next step is to close the shutter 
flap by means of its control rod, insert 
the plateholder, and withdraw the plate- 
holder cover slide. After a final check to 
insure that the guide star is on the cross 
wires and that everything is in order, the 


time is noted and the shutter is opened. 
The exposure has begun. 

For a good photograph, the observer 
must keep the guide star on the inter- 
section of the cross wires, come what may. 
The telescope drive may have small, 
variable errors in rate, causing the star 
to drift irregularly, and requiring fre- 
quent use of the slow motions. The ob- 
server should be careful not to overshoot 
the mark in making corrections. If he 
wishes to rest during the exposure, the 
shutter may be closed temporarily.’ 

On my 12}-inch Springfield, the slow 
motions in right ascension are elk “trically 
controlled by a microswitch box with 
sensitive push buttons. These operate a 
differential motor that can increase or 
decrease the drive rate by about 65 per 
cent. After a push button has been re- 
leased, the star may coast a little, but 
one soon learns to overcome this by mo- 
mentarily pressing the button command- 


2. An article about guiding, by Robert 
Fleischer, appeared in Sky and Telescope, 
August, 1948, page 243. 

















before the subject reached the meridian. T 


ing motion in the opposite direction. 

Good guiding requires continuous at- 
tention, and for an exposure as long as 
the two hours used for the Ring nebula 
photograph on page 352, the effort is 
considerable. So any means of assuring 
the observer’s comfort is well worth while. 
For example, instead of holding the arm 
up at shoulder height for extended 
periods to guide manually in right ascen- 
is far more convenient to use a 
microswitch 


sion, it 


box which can be laid on 


top of a ladder. 

Ihe system of shifting the whole tele- 
scope in right ascension, by means of 
electrically controlled slow motion, works 
well except near the celestial pole; there 
you must manual 
control rod to shift the plateholder it- 
self. The total excursion of the plate- 
holder in declination over an average 
enly a few millimeters. Ad- 
justments are necessary only at infrequent 
intervals. 

For the very short exposures needed in 
lunar photography, I use a photographic 


revert to use of the 


exposure 1s 


shutter mounted in front of the prime- 
focus camera and operated by a standard 
With this arrangement, I 
can the 1/100-second 
time required for the first-quarter moon 
on Eastman III-O backed spectroscopic 


cable release. 


obtain exposure 


plates. 

For long exposures on faint objects, a 
fast emulsion is essential, but do not be 
misled into thinking that fast press-type 
plates are the best for this purpose. As- 
tronomical photography requires response 
to very low light intensities, for which 
Eastman Kodak has developed spectro- 
scopic plates with the special ‘‘a”’ sensitiza 
tion. When ordering, also specify antihala- 
tion backing to minimize the formation 
of rings around bright star images, as 
these are caused by light reflected from 
the back of the plate. 

Probably the Eastman 103a-O emulsion 
is the most satisfactory for faint objects; 


3. See Photography in Astronomy by E. 
Selwyn and Kodak Photographic Plates for 
Scient and Technical Use, both published 
by Eastman Kodak Co., Rochester, N. Y. 


> exposure was interrupted for five minutes at 10:45 when a small cloud, the 

only one in the sky, passed directly over the galaxy. Although the observation was made through two power lines lighted 

from a nearby street, they did not affect the plate. The northern end, at the right, was taken before meridian passage on 
October 12, 1955, from 8:55 to 11:25 p.m. The preparation of this photomontage is described on page 356. 


it is widely used by professional astrono- 
mers. Dr. Harlow Shapley has 
mended the red-sensitive 103a-E emulsion 
for use near city lights, but my experience 
shows 103a-O to be superior, probably 


recom- 


because of red sky glow from neon lights 
in my vicinity. As noted above, for lunat 
raphy I employ the and 
ained III-O antihalation-backed 


slowe1 


emulsion. 

My prime-focus camera uses plates 2} 
by 23 inches, a size chosen because six 
of them can be cut from a single standard 
5-by-7-inch plate. The field of the nega- 
tives is about 1} degrees square. At extra 
expense, Eastman Kodak 
plates cut to any desired size, but I still 


will supply 
use a glass cutter to cut my own in the 
darkroom. Inevitably the emulsion curls 
up along the edge, so I flatten it with a 
razor blade. All dust is removed from the 
emulsion with a camel’s-hair brush before 
loading the plate into the holder. 

The plates should be kept in sealed 
boxes in a refrigerator, and can be re- 
moved at any time from a few to 24 hours 
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WIND INDICATOR 


First Time in Kit Form 


Now available in kit form at 
amazing low price. Easily as- 
sembled in 30 to 40 min. with 
screwdriver and pliers. Each 
instrument is skillfully engin- 
eered for fine performance and 
long life, and comes complete 
with 0 to 100 M.P.H. indicator. 
Kit also includes mounting 
ideal for boats, homes, air- 
ports, weather stations, etc 

) Instrument is self generating 
—necds no batteries. 


| Send Check or Money Order 





Sorry, no C.O.D.'s 


Write for free literature. 


DYNO-SPEED INSTRUMENT CO. 


il P.0, Bex 47 Lakewood, N. J, 














WHAT YOU MISS 


BY NOT HAVING A GOODWIN LENS! 


The explanation is in the ‘New Thrills’ ad be- 
low. Hundreds of unsolicited, enthusiastic reports 
from observers! (Every letter on file as required 
by postal law.) 

“Like opening a door for a good look at the 
heavens instead of peeking through a keyhole.” 
— W. J., Calif. “t would like to say that the 
Goodwin lens takes you way out into space like 
a magic carpet.’ — W. S., N. J. “I am having 
a bit of trouble keeping the Goodwin lens home 
where | can use it. It seems the only answer 
is to have two of them, one to lend out and 
one to hide and use myself.” — L. D. C., Calif. 
“By far the most useful astronomical tool | 
possess.” —— U. B. R., 7 

The Goodwin lens is a vastly improved Barlow- 
type, double-element, achromatic anastigmat. 
Each lens is corrected to high precision. 


FRANK GOODWIN 


345 Belden Ave., Chicago 14, Il. | 











NEW THRILLS 
FROM YOUR TELESCOPE! 


Sharper images, wider field, more 
light at higher powers! A startling 
statement positively proven in 16- 
page telescopic educational matter, 
plus many helpful hints, sent free 
on receipt of self-addressed long 
envelope bearing 9c return postage. 
First, the Goodwin Resolving Power 
lens placed in front of eyepiece gives 
three times the magnification on each 
by increasing the effective primary 
focal length up to three times, yet ex- 
tends eyepiece out no more than two 
inches from normal. This alone sharp- 
ens definition. 

Next, by achieving your highest pow- 
ers on more comfortable low-power eye- 
pieces, you lessen image deteriorations 
due to short-focus acute bending of the 
convergent beam, since all usual eye- 
pieces are f/1 or less. Again sharper 
images from this highest precision lens. 
Third, you get greater illumination and 
wider field by relieving tiny aperture 
restrictions of higher-power eyepieces. 


The Resolving Power lens is achro- 
matic, coated, gives flat field sharp 
to the edge. Here is astonishment! 
Price $23.50 in 4” long adapter 
tube fitting standard 14” eyepiece 
holders ONLY. (Also adaptable to 
Unitrons; state if Unitron.) Money 
back if not positively thrilled after 
two weeks trial! Used and praised 
by legions! 

No COD’s—Calleges and Observa- 

tories may send purchase order. 


FRANK GOODWIN 


345 Belden Ave., Chicago 14, Il. 
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The globular cluster in Hercules, M13, photographed May 6, 1954, on 103a-O 

emulsion. The 13-hour exposure was planned to terminate when the object 

reached the meridian; thereby Dr. Custer avoided the necessity of shifting the 
instrument to the other side of the pier. 


before use. They are developed in D-19 
and fixed in F-5. I find that development 
in a vertical rather than a_ horizontal 
position prevents darkening of the bor- 
ders of the plate. I use a special holder 
to hang this size plate vertically in the 
developing tank. 

For the photomontage of the Androme- 
da spiral, M31, I used Eastman 103a-O 
plates, each of the three sections being 
exposed 2} hours and developed about 12 
hours after exposure in D-19 for 5} min- 
utes. Dr. Walter Baade, who examined 
one of the original plates, commented: 
“The limiting magnitude of your plate 
is about 17.5 and I would say that about 
a dozen members of NGC 206 can be 
seen on the original plate. Since there 
are about 200 supergiants brighter than 
17.5 scattered along the spiral arms of 
the Andromeda nebula, this would be 
roughly the number of stars in M31 which 
you have reached with your equipment.” 

The value of the original negatives of 
astronomical photographs can be en- 
hanced by suitable printing. Here is my 
technique for the M31 montage: Each of 
the three plates was enlarged on 8-by- 
10 Medalist F-3 paper, developed in 
Dektol | to 2. The prints were copied on 
Panatomic-X film, developed in DK-50 to 
enhance the nebulosity, to increase con- 


trast, and to darken the sky background. 
Medalist F-3 enlargements were 
this time on double-weight 


\gain 
made, but 
paper. The two side pictures were torn 
irregularly to have wide, gradually 
thinned, beveled edges, these being pasted 
with rubber cement onto the central pic- 
ture in correct registration. This assembly 
was placed under a_ heavy glass plate 
overnight to insure close adherence of 
the junctions, but the seams still required 
some retouching. Then the photomontage 
was recopied on Panatomic-X film. Where 
necessary for purposes of matching, light 
areas were made more opaque by rub- 
bing small amounts of very dilute neo- 
cosine into the emulsion of this film. The 
final enlargements were made on Medalist 
F-3 paper. 

I have received helpful suggestions on 
the construction and use of this camera 
from Dr. N. U. Mayall, Lick Observatory, 
and valuable optical assistance from 
Arthur E. Leonard, of Davis, California. 
Vernon Mecum, J. R. Balkwill, Tom 
McCoy, and Ray Picthorn have assisted 
in the construction and preparation ol 
the illustrations for this and_ previous 
articles. 

CLARENCE P. CUSTER, M.D. 
155 E. Sonoma Ave. 
Stockton, Calif. 
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SUNSPOT NUMBERS 

The following American sunspot num- 

rs for February were derived by Dr. 
Sarah J. Hill, of Whitin Observatory, 
Wellesley College, from AAVSO_ Solar 
Division observations. 

February 1, 154; 2, 143; 3, 158; 4, 159; 
5, 176: 6, 119: 7, 160; 8, 131; 9, 155: 10, 
117; 11, 160; 12, 148; 33, 128: 14 tse 
15, 143; 16, 162; 17, 145; 18, 121; 19, 103; 
20, 156; 21, 159; 22, 171; 23, 129; 24, 156; 
25, 163; 26, 139; 27, 108; 28, 85. Mean for 
February, 141.9. 

Below are observed mean relative sun- 
spot numbers from Zurich Observatory 
and its stations in Locarno and Arosa. 

March 1, 109; 2, 90; 3, 140; 4, 185; 
5, 203; 6, 215; 7, 220: 8, 187: 9, 177: 10, 
181; 11, 168; 12, 156; 13, 145; 14, 158; 
15, 165; 16, 155; 17, 164; 18, 162; 19, 155; 
20, 154; 21, 156; 22, 163; 23, 187; 24, 204; 
25, 180; 26, 194; 27, 226; 28, 292; 29, 302; 
30, 338; 31, 342. Mean for March, 189.4. 

Zurich numbers are transmitted by the 
Swiss Broadcasting Corporation on the 
ftth and 5th of the month. In North 
\merica these reports are heard on the 
5th at 1:35 UT on wave lengths of 48.66, 
$1.46, and 25.28 meters, and at 4:20 UT 
on 31.46, 25.28, and 19.60 meters; in 
South America at 23:30 UT on the 4th on 
31.46, 25.28, and 19.59 meters, and at 
3:45 UT on the 5th on 31.46 and 25.28 
meters. This schedule will be used through 


October 5, 1958. 





URANUS IN CANCER 


The star photograph above shows the 
planet Uranus in Cancer on March 12th 
at 9 p.m. Eastern standard time, photo- 
graphed by Luc Secretan, Washington, 
D. C. South is at the top, correspond- 
ing to the view in an astronomical or 
inverting telescope. For this five-minute 
exposure, Mr. Secretan used a_ 6-inch 
Kodak anastigmat at f/4.5 and Tri-X film. 

The Beehive cluster is in the center of 
the picture. Uranus is located three-eighths 
of an inch below the 4.2-magnitude star 
Delta Cancri, which is in the upper right 
corner. Gamma Cancri is at the bottom. 


Compare this photograph with the chart 
on page 207, of the February Sky and 
Telescope, which shows this year’s path 
of the planet among the stars of the con- 
stellation Cancer. 


MARCH 11TH AURORA 

A. brilliant 
curred on the night of March 11-12. At 
Vankleek Hill, Ontario, Canada, Rev. J. 
C. Amy observed the display from 9 to 10 
p-m., Eastern standard time. He reported 
patches of light flickering and disappear- 
ing rapidly. The most conspicuous fea- 
ture was an arch across the sky from the 
eastern to the western horizon. 

Capt. William F. 
near Gloucester, Massachusetts, at 9:30 
p-m. EST. He secured a beautiful color 
photograph one hour later. 


red-and-white aurora oc- 


Ott saw the aurora 


The phenomenon was also seen by Nick 
Liepino at Sandwich, Illinois. A photo- 
graph that he took at 9:05 p.m. Central 
standard time shows a strong rayed band 
low in the sky. Richard R. Steck, Urbana, 
Illinois, also succeeded in photographing 
the display, as did Richard A. Phelps of 
Plover, Wisconsin, who during the early 
evening took 16 pictures of the aurora in 
the northern and eastern sky. 

From Ft. Dodge, Iowa, Mike Larson se- 
cured the striking photograph reproduced 
on page 339. It shows the brilliant arc 
and detailed ray structure in the north- 
eastern sky shortly after 8 p.m. CST. 








ORTHOSCOPIC OCULARS 





24 mm., 50x; 32 mm., 38x. 


power. 


3. Simple take-down for cleaning. 


standard 14-inch outside diameter. 





sold at the Adler Planetarium in Chicago, Illinois. 


YOU HAVE A CHOICE OF 7 EYEPIECE POWERS! 
With a standard f/8 6-inch reflector, our eyepieces give the following powers: 
4 mm., 300x; 6 mm., 200x; 8 mm., 150x; 12 mm., 100x; 16 mm., 75x; 


1. Four-element design gives a flat, beautifully corrected field of 50°, cover- 
ing more than 160% of the area of the conventional Ramsden for the same 


2. Precision optical elements, magnesium-fluoride hard coated. 


4. Precision metal parts, black anodized for anti-reflection and ground to 


5. Clean mechanical design provides for observing ease. 
6. Effective focal lengths: 4, 6, 8, 12, 16, 24, and 32 mm. 


$15.95 each, postpaid 


Brandon Instruments 


AN IMPORTANT ANNOUNCEMENT .... 


To serve better the amateur astronomer and telescope maker, BRANDON OCULARS and BRANDON OBJECTIVES are now being 
The planetarium is a nonprofit organization for spreading the knowledge of 


astronomy in America through exhibits and demonstrations, and assisting in the design and construction of amateur telescopes. 


Our oculars and objectives can be obtained immediately by mail, or bought directly from the book counter at the 


Adler Planetarium, 900 E. Achsah Bond Drive, Chicago 5, Illinois 
ASTRONOMICAL OBJECTIVES 


BRANDON 


OCULARS and OBJECTIVES 
are specifically designed 
for astronomical observing. 





Satisfaction is guaranteed, 
or your money will be refunded. 


Visit your local planetarium — 


the programs are constantly 
changing. 


rigidly tested for its 
these features: 


of coma. 


3. Quality optical glass precision annealed and held to one ring test-plate 


match. 


serial number. 





ANY AMATEUR CAN MAKE HIS OWN REFRACTOR! 


Use Brandon astronomical 
resolution of double stars before being sold. Check 


1. Superior optical design utilizing a larger air separation.. Color corrected on 
C and F and hand corrected to reduce residuals to a minimum. Completely free 


‘ ; : | 
2. Glass-air surfaces magnesium-fluoride coated. } 
| 

4. Mounted in a cell, ready to attach to your own tube of aluminum, brass, 


steel, or plastic. Cell made to precision tolerances and coated to prevent stray 
light reflections. Each cell is engraved to show effective focal length and 


3" C.A., 45.8" F.L.. . .$62.00 


objectives, either 3-inch or 4-inch. Each lens is 


4" C.A., 61.2" F.L.. . $138.00 


GUAYNABO, PUERTO RICO | 
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GOTOS 


SUPERIOR TELESCOPIC 
ACCESSORIES 






































Astro Camera 


Effective diameter: 100 millimeters 
Focal length: 500 millimeters 

Tessar type with 3 plateholders 

(Plate size: 5" x 7" or 434" X 6Y2") 


The superb photograph of Comet 1957d appearing on page 
568 in the October, 1957, issue of Sky and Telescope was 
taken by Mr. Alan McClure with one of these lenses. 

mates $485.00 


Sun Prominence Spectroscope 


Consists of triple Amici prisms, two right-angle reversing 
prisms, collimator, slit mechanism with divided drum, position 
circle, and 25-mm. Kellner eyepiece. 





When this spectroscope is used on telescopes of 4 inches or 
larger, solar prominences can be observed very distinctly. 
A spectroscope of this type is to be delivered to the Taipeh 
Meteorological Observatory in the near future. 


$760.00 


(Prices include shipping costs.) 


The listed prices also include the anticipated import duties, 
so in making remittances 25% should be deducted from them. 


Complete price lists and catalogues will be sent upon request. 


4 GOTO OPTICAL MFG. CO. 


; 1-115 Shimmachi, Setagaya-ku, Tokyo, Japan 
Cable Address: GOTOPTIC TOKYO 
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DEEP-SKY WONDERS 
PMHE first great handbook for amateur 
astronomers was the second volume of 
Cycle of Celestial Objects, which Ad- 
iral W. H. Smyth published in 1844, 
ostly from his own observations during 
the preceding dozen years. This second 
art, also known as the Bedford Cata- 
cue, has formed the basis of all subse- 
quent English and American amateur 
ouides. His descriptions of nebulae, clus- 
ters, and double stars are often still the 
most vivid available, and since he used a 
telescope of six inches aperture, his 
views compare easily with those in the 

average amateur telescope today. 


NGC R.A. (1950) Dec. Mag. 
h m ; 

M49 = 4472 12275 + 8 16 9 
M58 4579 12 3331 +12 05 10 
M59 4621 12: 39:9 +11 55 11 
M60 1649 12 41.1 +11 49 10 
M61 $303 12 19.4 + 4 45 10 
M8 $374 12 22:6 +13 10 10 
M86 1406 2 237 a es aa I 10 
M87 1486 12 28-3 +12 40 10 
M89 1552 [2 Sos) +12 50 1] 
M90 1569 12 34.3 +13 26 11] 
M104 4594 i ae 77 a Mt 24 8 

There are 11 Messier galaxies within 


the present-day boundaries of the constel- 
lation Virgo, as listed above, and some of 
these attracted Smyth’s particular atten- 
tion. He drew the chart here, and wrote: 
“This is a wonderfully nebulous region, 
and the diffused matter occupies an exten- 
sive space, in which several of the finest 
objects of Messier and the Herschels will 
readily be picked up by the keen observer 
in extraordinary proximity.” 

Of these galaxies, M49 was described by 
Messier, using a small telescope, as a 
“faint nebula, not seen without difh- 
culty”; but Smyth’s 6-inch refractor found 
it “bright, round, and well-defined... . 
has a very pearly aspect.” It should be de- 
tectable without trouble in an aperture of 
three inches or larger. 


SURPLUS FILM AVAILABLE 

Recently I acquired a large supply of 
undated surplus Eastman 1-D-2 sheet film, 
size 4 by 5 inches. It is highly sensitive 
through the visual spectrum, with highest 
sensitivity through the green, yellow, and 
into the red to about 6300 angstroms. 
Thus it can be used effectively in bright 
moonlight or in city haze, if a red filter is 
used to cut out the blue. 

This film has been used successfully to 
photograph a variety of celestial objects. 
I wish to dispose of it to serious astro- 
photographers, who need send only 35 
cents to cover the cost of mailing each box 
of 25 sheets. Also, I would like a picture 
of each person’s equipment, or of some 
istronomical object taken by him, to 
make sure the film is going to those inter- 
ested in astronomy. 

JOHN B. PRISER 
9901 Claremont Ave., N.E. 
Albuquerque, N. M. 


Size Type 
+x4 El 
fxs Sp 
32 El 
1 s El 
6X6 Sp 
3x3 EI 
Sea E] 
3x 3 El 
2 Ne E] 
6x3 Sp 
7 2 Sp 





Smyth calls M60 a double nebula, for it with his 33-foot telescope in 


the faint spiral NGC 4647 appears nearly 
to touch it. With small, bright M59 a 
short distance to the west, and a fainter 
object above, Smyth could see four gal- 
axies in the same 93x field of view. 


blazes toward the middle; but 


central, the nuclei 90” apart.” 


For M61, the admiral gives a character- 
istic description: “A large pale-white 
nebula, between the Virgin’s shoulders. 
his is a well-defined object, but so feeble 
as to excite surprise that Messier detected 


photographs with large reflectors. 


Smyth's 
chart of 
a region 
in Virgo. 


1779. 
Under the best action of my instrument it 
in Her- 
schel’s reflector it is faintly seen to be bi- 


The Sombrero nebula, M104, lies about 
20 degrees south of these others. Its name 
comes from its aspect on long-exposure 


WALTER SCOTT HOUSTON 
Rte. 3, Manhattan, Kans. 








Read This Advertisement 


Here is a combination of a Barlow and a particular ocular which gives outstanding results. 
It consists of our new Barlow and our 16.3-mm. (24” focal length) Erfle eyepiece. While the 
Barlow was not specifically designed to work with this eyepiece, it does so to an astonishing 
All images are sharp and hard to the very edge of the field. 


degree. 

The Barlow gives magnification up to slightly over three times that of the ocular alone. 
It is achromatic, coated, and mounted to the U. S. standard size of 1.250 inches. 

The modified Erfle eyepiece has a field of 75 degrees with excellent eye relief. The 
combination gives the equivalent focal length of slightly under 6 mm. Many users state it is 
far superior to any shorter focal length ocular of equivalent magnification. 

The Barlow sells for $16.00 postpaid, and the Erfle for $14.75 postpaid. Both are guaran 


teed to perform as stated above or money refunded. 
ORTHOSCOPIC OCULARS—All hard coated, standard 11/4-inch outside diameter. 


28-mm. $15.00 WRI cides $16.25  4-mm. ................ $17.25 
16.3-mm. (Erfle) .... $14.75  7-mm. $17.25 Barlow 3x $16.00 


Tabs copics 


1000 North Seward Street 
Los Angeles 38, Calif. 


Warranted to equal or surpass any oculars obtainable 
anywhere or money refunded 


Finished mirrors, mirror kits, spiders, elliptical flats, 
focusing devices, aluminizing 


Send for catalogue. 











| SKYSCOPE copower eyepiece $29.75 


The full 314-inch diameter reflecting-type astronomical 
telescope that even the telescope makers talk about. 


It has been sold for more than 18 years and now is on display in at 
| least two U. S. planetaria. It will show mountains and craters on the 
| moon, Saturn's rings, Jupiter's four moons and the planet's markings. 
| and close double stars. with guaranteed observatory clearness. Skyscope 
enjoys world-wide distribution. 
Every instrument, with its %4-wave, aluminized mirror, is individually 
tested before being packed for shipment. We suggest that before buying 
you inquire at almost any local astronomy society about the efficiency 
| of Skyscope. 100% American-made. 
We invite your attention to our free and straightforward descriptive brochure which 
| also shows a photograph of the individual parts: used. 


125-power and 35-power extra eyepieces .............:0000 $5.15 each 
6-power finder, with brackets . ; . $7.50 
$1.00 





Holder for extra eyepieces 


THE SKYSCOPE CO., INC. 


475-s Fifth Avenue, New York 17, N. Y. 
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YOU CAN TAKE IT WITH YOU 


This lady is taking her observatory with 
her just as you might, for it only weighs a 
scant 11 pounds. Wherever she goes, she 
will be able to enjoy it, and most likely will 
astonish many people who think of telescopes 
as heavy, huge contraptions. 

Did we ever tell you of this fitted case she 
carries? Like many other Questar parts it is 
the best obtainable. It is made for us in 
Staffordshire by British craftsmen who tailor 
each one by hand from the first cutting to 
the last neat stitch. If you know fine leather 
goods, you will appreciate its excellence at 
once. Deep ginger tan, it is lined with velvet 
of an old wine color, and on the door is a 
leather pocket for each accessory. 

At left in the picture of the case below 
are the two front legs, and at right the ad- 
justable one for your precise latitude, whose 
sliding tube and clamp screw cannot fall out 
to annoy you. Behind them is Questar’s 
patented and safe sun filter, which lets you 
see sunspots directly at high powers in their 
true colors, while all the optics of the tele- 
scope remain cool and undistorted, as they 
should. 

The extra eyepiece pouch at upper right 
holds the ocular you are not using, while the 
center pocket carries the electric cord for 
the synchronous motor drive. The fitted door 
itself, in closing, tucks in under an over- 
hanging dust lip, which not only eliminates 
the need for 4 separate dust caps, but keeps 
dust from settling on anything inside. 

Quite a package, isn’t it? A complete ob- 
servatory in 1/ cubic foot. And how com- 
plete it is — have you ever used a rock-steady 
telescope with full 360° slow motions with 
no backlash at all? With the slipperyness 
of 4-inch teflon bearings aiding this smooth 
control, and nylon’s unique property of 
“stickage’” employed to keep the setting 
accurate ? 

The steadiness of drive is faultless. And 
the inclinable eyepiece, the built-in finder 
and power changes, offer you the most ob- 
serving comfort you have ever known. We 
have tried hard to think of everything that 
would make the finest and most versatile 
small telescope in the world a joy to use. 

On the question of the performance of the 
superfine small telescope we would like to 
submit the typical experience of Mr. M., who 
is president of a famous corporation, and 
who purchased his first Questar in July, 1954. 
We thought you'd like to read two letters 


from him in our files, which we publish 
with his permission: 

“I expect you will remember me as one of 
the earlier purchasers of Questar. . . . I was 
a novice at astronomy at that time although 
experienced with many types of optical in- 
struments. 

“About a year ago I got all fired up with 
enthusiasm and ambition and decided that 
my Questar was not sufiicient for my needs — 
I had to have something bigger and better. 
Consequently, I purchased a 4-inch refrac- 
tor (which didn’t do a thing that Questar 
couldn’t do better and besides was a major 
project to set up and use), disposed of this, 
and now own a very good 8-inch reflector. 

“My Questar had been admired by Dr. X, 
professor of astronomy at the college here, 
so in a rash moment I presented it to the 
school. I do not regret this because it is now 
being used in the best possible manner, but 
I miss it. After having experience with the 
larger instruments I now fully appreciate the 
importance of Questar’s ease of operation. I 
also know that although in theory these large 
scopes should outperform Questar, in prac- 
tice they don’t always do it. In fact, I am 
wondering if the larger instruments are really 
worth it to the average amateur. In Septem- 
ber, 1956, I had a chance to view Mars 
through a large observatory telescope and at 
the same time compare it with a 5-inch re- 
fractor. To me there was not a nickel’s worth 
of difference, and Dr. X himself spent most 
of his time at the 5-inch. Of course, I realize 
there is no substitute for aperture when it 
comes to viewing and photographing the far- 
distant and faint objects, but as I see it there 
is not much useful or interesting work that 
an amateur can do in that field anyway.” 

(This letter ended with shipping instruc- 
tions for another Questar, receipt of which 
Mr. M. acknowledged Nov. 26, 1956, saying, 
“The weather here is poor now . I have 
learned never to judge performance on one 
night’s viewing.’’) 

Later, on June 15, 1957, we received the 
following letter from him: 

“Just a note to tell you what excellent 
results I obtained in observing last night. 
Although the moon was full, it was one of 
the best nights for seeing in my experience. 

“At 160 power, Cassini’s division in the 
ring of Saturn was plainly visible, as was the 
apparent shadow of the rings on the surface 
of the planet itself. Two of Jupiter's bands 
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were quite prominent, with an_ occasional 
suggestion of a third. When I switched to 
my 8-inch reflector, I found that very little 
more detail on either of the planets could 
be observed. 

“At approximately midnight, when Lyra 
was approaching the zenith, I obtained the 
most perfect split of the Epsilon Lyrae pairs 
that I have ever observed with any instru- 
ment. Although this separation of about 2 
seconds is well over Questar’s theoretical 
limit of approximately 1.3 seconds, I was 
most gratified, since in my experience it is 
most difficult ever to utilize an instrument's 
theoretical limit.” 

The list of Questar owners is a most im- 
pressive one. Men and women in all walks 
of life are Questar owners, and many of them 
are distinguished persons. The President of 
the United States recently presented a Questar 
to a visiting king. Many Questars are being 
used for teaching astronomy at schools, col- 
leges, and universities, while the instrument's 
versatility permits it to be employed on an 
increasingly large number of research proj- 
ects both in the field and in laboratories — 
in solar research, for example, and in wild- 
life photography and motion-picture work. 
Industrial users include du Pont, Corning, 
Electronics Corporation of America, and 
Sperry Gyroscope. Many government agen- 
cies besides the three armed services are 
Questar users. 

If you have become tired of coping with 
the burden of large single-purpose telescopes, 
perhaps you would like to learn more about 
the world’s smallest large telescope. 


The De Luxe Questar complete as shown 
costs only $995. Extended payments if desired. 
Literature on request. 

QUESTAR CORPORATION 


New Hope, Pennsylvania 
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® BOOKS AND THE SKY W! 


THE STARS ABOVE US 


Scribner’s Sons, 
$3.00. 


Zinner. Charles 
1957. 141 


Ernst 


New York, 


pages. 


N THE WORDS of its preface, this 

little book was written “to describe the 
human reaction to the influences of the 
heavens.” Its main concern is ancient 
mythology, the calendar, and_ astrology, 
with occasional excursions into modern 
astronomy. There are over 40 plates and 
drawings. The book originally appeared 
in German as Sternglaube und Stern- 
forschung, and was translated into Eng- 
lish by W. H. Johnston. 

It is divided into 14 chapters. They 
first concern the sun, stars, moon, planets, 
and comets. Then there are four chapters 
on astrology, two sketching developments 
in medieval and modern astronomy that 
tended to discredit astrology, a chapter on 
unusual or erroneous ideas in modern 
astronomy, and finally three chapters that 
philosophize about the creation and evo- 
lution of the cosmos. 

Dr. Zinner was, until recently, director 
of the Remeis Observatory in Bamberg, 
Germany, and has written many mono- 
graphs on the history of European as- 
tronomy, but this book does not do him 
justice. It contains many interesting bits 
of star lore from Egypt, Greece, modern 
Europe, China, Polynesia, and other 
lands, but is strung together without any 
apparent geographical or chronological 
order. Some of the illustrations (such as 
Plate XV) do not relate to the text. The 
picture of the Ratisbon instrument (Plate 
IX) does not show it clearly. On page 6 
the Egyptian king who introduced Aton 
worship is called Amenophis IV, but in 
Figs. 2 and 3 he is designated by his 
later-adopted name, Akhenaton. On page 
15 appear references to the Yi-King and 
to the Book of Changes without any 
indication that these are the same. 

There are some errors and omissions. 
Ihe Chinese story of Hi and Ho is not 
The idea that only the two 
planets Venus and Mercury revolve 
around the sun is probably not of Egyp- 
tian origin. While discussing variable 
stars the author speaks of Hipparchus’ 
“star,” but his quotation from Pliny men- 
tions its motion, so it must have been a 
comet! The astronomical significance of 
Stonehenge, and Lockyer’s attempt to 
date it, are described more fully by the 
archeologist R. J. C. Atkinson in the 
book Stonehenge (Sky and Telescope, De- 
cember, 1956, page 79). Several conse- 
quences of the law of gravitation are de- 
scribed: the discovery of the planet 
Neptune, the motion of Halley’s comet, 
and the flattening of the earth, but the 
law itself is mentioned only once. 

Che chapters on astrology contain much 


historical. 


interesting information which would be 
hard to find elsewhere in one_ place: 
diagrams of a Chinese magic disk, careful 


description of the Petosiris disk, how 
astrologers changed birth dates so their 
horoscopes would agree with the subjects’ 
life histories, and statistical studies that 
disprove claims. Unfortu- 
nately, no clear distinction is made _ be- 
tween two important types of ancient 
astrology, judicial and horoscopic, that 
arose in different countries and at dif- 
ferent times (O. Neugebauer, Publications 
of the Astronomical Society of the Pacific, 
58, 39-42, 1946). 

There is a long bibliography, which 
would be more useful if it included the 
author’s comments on individual items 
and if specific references had been made 
to it in the text. 

CHARLES GASTEYER 
Van Vleck Observatory 
Wesleyan University 
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HOW TO MAKE A TELESCOPE 
Jean Texereau. Interscience Publishers, 
Inc., New York, 1957. 191 pages. $3.50. 


T LAST we have a truly logical book 

on telescope making, in this transla- 
tion by Allen Strickler from the French. 
Before one has read 20 lines of this volume 
an appreciation of its value begins to form. 
The subjects of the chapters and sub- 
heads are covered fully, and the author’s 
experience seems to bubble through the 
text. 

The suggestion of an 8-inch mirror as 
the ideal size for the average amateur 
goes along with my own opinion. The 
diagrams are excellent and cover the sub- 
ject as completely as the text, making a 
real do-it-yourself system. 

Polishing the mirror face-up without 
fear is a great move in the right direction, 
hitting turned edge and pits at the same 
time. I recommend it. The lap-making 
section, however, follows Ritchey’s method 
even to the beeswax coating. This has 
never proved satisfactory in our shop. 
Too much beeswax is bad, I feel, and 
smooth surfaces are more likely to come 
from plain pitch. 

The section on testing and correcting 
the mirror’s figure will bear intense study. 
All the answers are there, furnishing the 
means of producing a good curve. It is 
an advantage to know the mathematical 
background for determining the quality 
of your mirror. 

The several pages on silvering are good 

— perhaps more amateurs should learn 
this fine art. We miss much of the pleas- 
ure of applied chemistry that the prewar 
mirror maker enjoyed when we take the 
easy way and have our mirrors commer- 
cially aluminized. 

I question the use of the altazimuth 
type of mounting in preference to the 
equatorial, and feel that this is a soft 
spot in an otherwise uniformly solid work. 


For most astronomical observing, the 





Astronomy Films 


16-mm. sound, 400-foot reels 
I THE SUN; II THE MOON; 
III SOLAR SYSTEM; IV MILKY WAY; 
V EXTERIOR GALAXIES. 


2x2 SLIDES 
35-mm. STRIPS OF SLIDES 


THROUGH 200-INCH AND 
OTHER GREAT TELESCOPES 


Catalogues on request. 
International 
| Screen Organization 
| 1445 18th Ave. North, St. Petersburg 4, Fla. 














——Star Atlases for Satellite Tracking 
and Books on Astronomy 





Norton’s STAR ATLAS..... $5.25 
SKALNATE PLESO ATLAS veeeeee POZE 
Webb’s ATLAS OF THE STARS $6.50 
BONNER DURCHMUSTERUNG......$100.00 


AMATEUR ASTRONOMER’S 
HANDBOOK, by J. B. Sidgwick....$12.50 
OBSERVATIONAL ASTRONOMY FOR 
AMATEURS, by J. B. Sidgwick $10.00 
THE PLANET JUPITER, by B. Peek $8.50 
THE PLANET VENUS, by P. Moore..$3.00 
THE INNER METAGALAXY, 


_by H. Shapley ’ ; $6.75 
New: EXPLORING THE DISTANT 
STARS, by C. Clason $5.00 


New: HOW TO MAKE A 

TELESCOPE, by J. Texereau $3.50 
Write for free list. Out-of-print books located in 
a Spectal service. Books on telescope making and 
optical glass working. All books advertised and 


reviewed in Sky and Telescope. 


HERBERT A. LUFT 


69-11 229th St., Oakland Gardens 64, N. Y. 

















Equally valuable to the 
professional astronomer or 


the intelligent amateur — 


ATLAS OF 
THE SKY 


by Vincent de Callatay 


Translated and with a Foreword 
by Sir Harold Spencer Jones 


superb collection of 36 plates show- 

ing every aspect of the sky. With 
45 complementary maps on which are 
shown each of the 88 constellation 
groups. The detailed charts are keyed to 
every plate, and the accompanying text 
contains a wealth of up-to-date astro- 
nomical information on nebulae, vari- 
able stars, novae, globular clusters, as 
well as details about magnitude, dimen- 
sions, colors, distances, and the structure 
of the galaxy. 914” x 1214” $12.50 


At your bookseller, or 


ST MARTIN’S PRESS 





103 Park Avenue, New York 17, N. Y. 












































Further your astronomical enjoyment with these 





“An Inspiring Story” .. . 


The History of the Telescope 
by Henry C. King 


With the development of the telescope as his central theme, Dr. King gives us a detailed insight 
into the obstacles, theoretical and practical, that were overcome by the great inventors in optical 
history. For instance, in Chapter V, he tells of: Newton’s dispersion investigations. The invention of 
the Gregorian, Newtonian, and Cassegrainian systems. Description of Newton’s instruments and 
methods. Hadley’s 6-inch Newtonian — his method of grinding and testing specula. Hadley’s octant. 
The marketing of Gregorians by Short— some account of his instruments. Mirror construction as 
practiced by Mudge and Edwards. 


“For the professional astronomer [The History of the Telescope} has all the important facts of 
the world’s great telescopes, the excellent index and the important references to the original papers. 
For the general reader it has an inspiring story of human progress. For the amateur telescope maker 
it will be an unending source of ideas.” — John F. Heard, Journal of the Royal Astronomical Society 
of Canada. 


456 pages; 103 halftones, 41 drawings, plus 52 diagrams. Extensive 
list of references with each chapter. NEW PRICE, $9.75 


A magazine on man’s greatest adventure! 


Spaceflight 


Here is a popular yet authoritative magazine 
on rockets, astronautics, and space-travel as- 
tronomy, written especially for the layman, and 
edited by members of the British Interplanetary 


Regular Edition 


Skalnate Pleso 


ATLAS OF THE 
HEAVENS 


16 charts, each 16 by 24 inches, covering both 
northern and southern hemispheres of the sky to magni- 


Society. Leading authorities provide a compre- ‘ve 7.75, showing double, multiple, and variable stars; 
novae, clusters, globulars, and planetaries; bright and 


hensive coverage of all the fields of science that : A 

-septed ar 'g in this thrilli d dark nebulae; the Milky Way and constellation bound- 
play such an important part in this thrilling ad- aries; galaxies. Transparent grid to aid in reading 
venture of mankind. Rocketry, space medicine, star co-ordinates included. 

atomic fuels, radar controls, the exploration of iad 

the planets, are all treated in nontechnical Regular edition ATLAS OF THE HEAVENS . 
language. 


.. $5.25 


(The new de luxe edition of the Atlas has been sold 
out. More are being imperted. Watch for further 


In 1958 Spaceflight is being printed during January, announcements.) 


April, July, and October; in 1959 it will be published 
every other month. Be sure to specify the issue with 
which your subscription should start. Back issues to 


Vol. I, No. 1, October, 1956, are available. For the home workshop: 


MAKING YOUR OWN 
TELESCOPE 


by Allyn J. Thompson 


Tens of thousands of amateurs are using this basic 
book on telescope making. Here are complete step-by- 


Subscription in United States and possessions, Canada, 
Mexico, and Central and South America: $2.50, four 
issues; $4.50, eight issues; $6.00, twelve issues. Single 
sample copy, 75 cents. 


OTHER SKY PUBLICATIONS 


SPLENDORS OF THE SKY. 36-page picture booklet of our 


neighbors, near and distant, in the universe. 75c step directions for making and mounting your own 6- 
RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS, by inch reflecting telescope at low cost. This telescope 
Dr. Philipp Frank 75¢ can use magnifications up to 300 times. In easy-to- 


understand chapters, you will learn how to grind, 
polish, and figure the mirror, and how to make an 
equatorial mount that will provide a sturdy, solid sup- 
port for your mirror. 


HOW TO BUILD A QUARTZ MONOCHROMATOR for Ob- 
serving Prominences on the Sun, by Richard B. 
Dunn. 50c 


THE STORY OF COSMIC RAYS, by Dr. W. F. G. Swann, 
Bartol Research Foundation. 75c 211 pages, 104 illustrations (5th printing). ...$4.00 


All items sent postpaid, Please enclose your check or money order payable to 


SKY PUBLISHING CORPORATION 


Harvard College Observatory Cambridge 38, Massachusetts 








Shy PUBLICATIONS 








For the sky-gazer: 


Norton’s STAR ATLAS 


This famous star atlas and reference handbook is par- 
ticularly suited for amateurs and students who desire 
sky charts in book form. It covers the whole heavens, 
showing over 9,000 stars to magnitude 61/3, nebulae, 
and clusters. There are descriptive lists of 500 interest- 
ing objects for viewing with small telescopes, and useful 
data are given for observers of the sun, moon, and 
planets. $5.25 


POPULAR STAR ATLAS 


This compact, well-bound set of 16 maps is a simpler 
version of the Norton’s Star Atlas described above. All 
stars down to magnitude 51/2 are included. This edition 
is excellent for field use by constellation study groups 
and by meteor parties. $2.00 


By special arrangement with the publishers in Great 
Britain, Sky Publishing Corporation has become the 
exclusive Western Hemisphere distributor of these two 
popular star atlases, 


MOON SETS 
18 pictures, showing the entire visible face of the moon, 
are made from unsurpassed Lick Observatory negatives 
of the first and last quarters. Each halftone print is 
8/2 by 1134 inches. Key charts supplied. $3.00 per set 


LUNAR CRESCENT SETS 


10 pictures are a matching series to Moon Sets, but for 
the waxing crescent 41/2 days after new moon, and the 
waning crescent about five days before new moon. Four 
prints are closeups of the waxing crescent, four of the 
waning; two show each crescent as a whole. 

$2.50 per set 


LUNAR MAP 


In two colors and over 10 inches in diameter, the map 
identifies most important features on the moon, includ- 
ing 326 mountains, seas, and craters. Finding list in- 
cluded. 25 cents each; 3 or more, 20 cents each 


SKY SETS | 


24 pictures of objects in the solar system and in the 
Milky Way, all celestial wonders of interest and beauty. 
Each halftone print is 8/2 by 1134 inches. Separate 
sheet of captions included. Suitable for study or fram- 
ing for exhibition. $4.00 per set 


SKY SETS Il 


24 pictures of nebulae in our galaxy, portraits of other 
galaxies, many made with the 200-inch telescope, and 
four drawings of the 200-inch telescope by Russell W. 
Porter. Sheet of captions included. $4.00 per set 


SKY AND TELESCOPE BACK ISSUES 


Unless otherwise specified, the previous numbers of 
Sty and Telescope to which references are made in 
articles and departments are available at 50 cents per 
copy. Since January, 1955, only the issues of January, 
February, October, and November, 1956, are out of 
print. Many issues before January, 1955, are available; 
write for information on particular copies. 

A few bound sets of Vol. XV (November, 1955, to 
October, 1956) and Vol. XVI (November, 1956, to Octo- 
ber, 1957) are available, in blue library buckram, at 
$12.50 each, while the supply lasts. 
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equatorial mounting is far more con- 
venient. 

The section on celestial photography 
contains excellent examples of amateur 

omplishments and proves that care and 
quality optics bring superior results. 

If you are considering telescope making 
as a hobby and want to do it all yourself, 
this treatise should be your first purchase 
mid constant companion. 

EDWIN F. BAILEY 
Amateur Telescope Makers 
Franklin Institute 
Philadelphia 3, Pa. 


COSMIC VIEW 
The Universe in 40 Jumps 


Kees Boeke. ‘The John Day Company, 
New York, 1957. 48 pages. $3.25. 


r YOU are a teacher or parent, you 
know how difficult it is to put across 
to a young mind any distinct notions of 
the remoteness of the stars or the minute- 
ness of atoms. This little book by Kees 
Boeke, a Dutch school teacher, is an effec- 
tive and attractive solution to the prob- 
lem. 

\ journey into space is accomplished by 
illustrations of the same 
direction, 


a series of 26 
scene viewed from the same 
each time at a tenfold greater distance. 
Phe first picture shows a girl seated in 
a school courtyard; the fourth is an aerial 
view in which the school building has 
shrunk to a tiny rectangle; by the eighth, 
the whole earth is visible as a globe. Suc- 
cessive increases in the distance of the 
viewing point bring the entire solar sys- 
tem into the 14th picture; the 19th is 
of the stars of the solar neighborhood; 
and by the last the scene is of clusters of 
valaxies. “The sequence makes a deep im- 
pression. 

\ second series of 15 views extends the 
idea of scale into the realm of atoms and 
fundamental particles, again starting with 
the same representation of the seated girl, 
but with the viewer moving 10 times 
closer in each successive picture. 

In this book’s great panorama, 11 pic- 
tures cover the span from large trees to 
viruses. Beyond these limits, the universe 
would seem devoid of life. We are re- 





FIBER- 
GLASS 
TUBES 
and now! 
FIBER- 
GLASS 
SPIDERS 


W. R. 
PARKS 
7307 Hillrose 
Tujunga, 


Calif. 








minded of Eddington’s remark that man 
is about midway in size between an atom 
and a star, on a geometrical scale. 

Mr. Boeke has carried out his plan well. 
His full-page drawings are meticulously 
done, and the simply 
worded yet precise. While intended for 
young people, the treatment is also at- 
tractive for adults. The factual accuracy 


captions are 


is beyond reproach; one guarantee of this 
is that Arthur H. Compton, a Nobel prize 
winner in physics, consented to write the 
introduction. 

Cosmic View should be placed in the 
hands of every science-minded youngster 
of junior high or high school age, and be- 
longs in every school library. 

MARTHA D. ASHBROOK 
Weston, Mass. 


THE STARS 
W. Kruse and W. Dieckvoss. University 
of Michigan Press, Ann Arbor, Mich., 
1957. 202 pages. $5.00. 


HE OBJECTIVE of this book is pri- 

marily to present a logical, simple 
account of the methods of astronomical 
research rather than a detailed description 
of the universe itself. It should thus be 
of particular interest to the uninitiated 
reader. 

Phe first part of the book, “Ways to the 
Stars,” 
problems and observational techniques of 
The directions, 
distances of the 


is a systematic approach to the 


astronomical discovery. 
motions, and 
first taken up, 
colors, temperatures, and spectra. 


stars are 
then their brightnesses, 

A general survey of the universe is pre- 
sented in the second part, ““Vhe World of 
the Stars.” Making use of the methods 
developed in the first section, an observa- 
tional model of our galaxy is deduced 
from star counts, motions, and interstellar 
dimming and reddening. Finally, galaxies 
beyond our own are studied. 

In general the illustrations are under- 
often are and 
Some of the photo- 


standable, but too small 
too close together. 
graphs do not clearly show the effect illus- 
trated, generally because of the small scale 
of the reproductions. In Fig. 35, one of 
the two pictures of Orion is inverted, 
making a comparison of the red and blue 
images difficult. 

On the whole the book is well written, 
except for occasional awkward explana- 
tions, which may result from = incorrect 
translation of the original German text. 
One obvious case is the use of the term 
“o'clock” in with right as- 
cension. 

In spite of these relatively minor faults, 
this handsomely bound book is a worth- 
while addition not only to the layman’s 
library but to that of the professional 
teacher. The approach is extremely ap- 
pealing and is worth attention by those 
who teach introductory astronomy. 

KENNETH M. YOSS 
Louisiana State University 
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SOME OLD — SOME NEW 


Here are the small items we have carried for 
some time with a few new ones added. See the 
combinations for savings. When ordering, please 
give letters. 


A — Solar System Data 35¢ 
B — Know Your Stars ......... 35c¢ 
C — Star Game, 30 different cards $1.00 
D — Lunar Map, Sky Publishing Corp. 25c 
E Star Map, junior star finder 50c 
F — Constellation Post Cards, 30 cards $1.00 
G — Seein’ Stars, luminous decals ... $2.45 
H Planet Placer ...... 50c 
COMBINATIONS 
A-B 60c A-B-D . 75¢ 
E-H 80c A-B-E ... 80 
D-E-H $1.00 A-B-D-E $1.10 
A-B-C . $1.30 C-D-E $1.35 
C-D-H . $1.35 A-B-C-D $1.50 
C-E-H .. $1.65 C-D-E-H $1.90 
A-B-C-D-H $2.00 C-G $2.90 
E-G-H $2.90 C-D-G-H $3.65 
D-E-G-H $3.15  A-B-C-E-G-H $4.75 
A-B-C-G $3.50 C-D-E-G-H $5.10 


All 8 items $5.40 

NOTE: Item F may be substituted for Item C 
in any combination containing C. Item F may be 
added to any combination containing C by adding 
90c to the price listed. 

Circulars for you if you haven't one yet. You 
will want to familiarize yourself with our diversi 
fied services. We need your address. 

ASTRONOMY CHARTED products have been 
declared international educational items by the 
United States Information Service, which means 
reduced duties many countries, and duty free 

» Canada and some others. 


ASTRONOMY CHARTED 


33, Winfield St., Worcester 10, Mass.. U. S. A 
Phone: PL 5-6992 

















THE NEW 6-INCH 


MAGNUSSON TELESCOPE 


Complete with— 


@ Heavy-duty mounting @ Clock drive 
® Slow motion ® Setting circles 
@ and other accessories 


Parts are sold separately. 


O. MAGNUSSON 


14570 W. 52nd Ave., Arvada, Colorado 


Write for prices. 
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THE ASTRONOMICAL LOCATOR || 
is an instrument of many uses to 
teach or to study the solar system 

@ By turning the large 12-inch disk 
with its apparent sun globule to 
any hour on the small dial, one 
can see readily what part of the 
sky is currently overhead and 
which constellations along the 
ecliptic are in view at night 

@ The equation of time is clearly 
marked for each month throughout 
the year, and is always near the 
earth globule to show what ad- 
justment in minutes is necessary } 
to the sun or to the clock 

@ Learn when and where to look for 
specific stars with the aid of this 
instrument $36.00 postpaid 


PREMIER PLASTICS 


OF MILWAUKEE 
204 W. WASHINGTON ST., MILWAUKEE 4, WIS. 

















6X FINDER 
EYEPIECE 


SUN SCREEN 


ALL LENSES OF HIGHEST 
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NEW BOOKS RECEIVED 


SATELLITES AND SPACEFLIGHT, Eric Burgess, 
1957, Macmillan. 159 pages. $3.95. 

Artificial satellites and their rockets are 
discussed by an active member of the British 
Interplanetary Society. He relates them to 
problems of expeditions to the moon and 
planets. Written for the layman, the book 
is fully documented with references to semi- 
technical papers and books from many coun- 
tries of the world. 

THe Dawn oF Lire, J. H. Rush, 1957, 
Hanover House. 262 pages. $4.50. 

The origin of life on earth, and the possi- 
bility of life on other planets are discussed 
here for the nontechnical reader. The author 
traces the evolution of man’s thought on 
these subjects, and shows how recent prog- 
ress in chemistry has cleared up much of 
the mystery. 

Tue PLANET Jupiter, Bertrand M. Peek, 
1958, Macmillan. 283 pages. $8.50. 

A former director of the Jupiter section of 
the British Astronomical Association has 
analyzed the great accumulation of visual 
observations of this planet. The rotation 
periods of various individual features per- 
mit a detailed picture of circulation patterns 
in the Jovian atmosphere to be drawn. There 
are many observing suggestions for amateurs. 


TECHNOLOGIE DER ASTRONOMISGHEN Op- 
tik, D. D. Maksutow, 1954, VEB Verlag 
Technik, Oranienburger Strasse 13-14, Ber- 
lin C2, East Germany. 251 pages. DM 29. 

The inventor of the Maksutov-type tele- 
scope originally prepared this monograph in 
Russian. The present German translation 
was published in 1954, but was not widely 
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publicized in the United States. In it Maksu- 
tov discusses in detail the theory and prac- 
tice of making and testing mirrors, devoting 
two chapters to the testing of lenses and 
aspheric surfaces. This book is intended for 
both professional and amateur optical work- 
ers, who will find it of great value. 


EXPLORING THE Distant Stars, Clyde B. 
Clason, 1958, Putnam’s. 384 pages. $5.00. 
In a colorful, informal style, the subject 
of stellar astronomy is discussed for the be- 
ginner. There are 60 pages devoted to gal- 
axies. 
SOLAR-TERRESTRISCHE BEZIEHUNGEN IN ME- 
TEOROLOGIE UND BroLociez, Hellmut Berg, 
1957, Akademische Verlagsgesellschaft, Stern- 
wartenstrasse 8, Leipzig C1, East Germany. 
172 pages. DM 23. 

Solar-terrestrial relationships in mete- 
orology and biology are reviewed in this 
monograph, in German, by a professor of 
meteorology and geophysics. There is an 
extended account of many attempts to trace 
some connection between solar changes and 
weather, or correlations between the sun’s 
activity and vital statistics. The bibliography 
lists 199 books and articles. 


THE PRESENT AND FuTURE OF THE TELE- 
scOPE OF MoperRATE Size, Frank Bradshaw 
Wood, editor, 1958, University of Pennsyl- 
vania Press. 219 pages. $5.00. 

The widening usefulness of telescopes from 
12 to 40 inches in aperture is discussed in 
these 14 papers from a symposium in 1956. 
New horizons are being opened by such elec- 
tronic developments as the image converter. 
The future of classical techniques, including 
photographic astrometry, is also explored. 


Now .. . a 2.4-inch refracting telescope with the precision qualities 
of much larger instruments, that will enable you to explore the depths 
of space, to see the rings of Saturn, the craters of the moon, the 
belts of Jupiter and many double stars! When you observe terrestrially 
with the Space Scope, you can make out human figures at distances 
up to 24 miles, distinguish a person’s general appearance at 6 miles, 
and make an individual identification at 22 miles. 

OBJECTIVE LENS . . . hard-coated Fraunhofer type. Over-all diameter, 
62.5 mm.; clear aperture, 60 mm. Astronomical eyepieces: 151x 
Huygenian-Mittenzwey, 73x Huygenian-Mittenzwey, 35x Kellner, 
28x Achromatic Huygenian. Terrestrial eyepiece: 30x. 

COMBINATION ALTAZIMUTH-EQUATORIAL MOUNT enables scope to be 
used as an altazimuth or an equatorial instrument. It has three 
axes, giving horizontal motion if desired, as well as slow motions 
in right ascension and declination. 

DIAGONAL PRISM (right angle) permits greater ease in astronomical 
observations. 

ACCESSORIES include sunglass, 6x finder with crosshairs, 10-cm. sun 
projection screen, equipment tray. Scope is about seven feet high 
when fully extended. Complete with hardwood carrying case and 
10-page instruction folder. 


$89.50 


TO ORDER: Send check or money order. Shipped freight col- 
lect. For C.0.D. send 1/3 deposit or more. Calif. resid. add 4% 
state tax. 10-day money-back guarantee applies to everything. 


ANGELES 29, CALIFORNIA 
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_ WIN this 


12'2-inch 


STELLARSCOPE! 





! STREET 
CITY 


1015 West 6th 





NAME THE STELLARSCOPE CONTEST 


I would like to win the big 12}/:-inch Stellarscope. The 
name I suggest for the portable 6-inch is 


IY AINE ican sscsscevsscsccgnsacsccs vasntsvestianasesvaaseseoseypsnacsauesevensacdartsaekraragard 


Send to: Stellar Scientific Instruments Co. 


St., Santa Ana, California 





R. E. Furgerson, Stellar’s research engineer and designer. 


Can You Name This Portable 6” Reflector Stellarscope? 





IMMEDIATE 
DELIVERY! 


6-inch 


“ aa 





f.o.b. 


our plant 


$99.50 


25-year guarantee 
(except on optical coatings) 


This special portable Stellarscope is the latest addition to the quality line 
of Stellarscopes created expressly for those who desire a precision-built 
instrument with exceptional portability. It is ideal for general celestial and 
terrestrial observation and camera work, and can be rapidly pointed to 
follow artificial satellites across the sky. 


SPECIFICATIONS: Extremely wide, brilliant field, 30x magnification, or 
up to 250 power when placed on a mounting and used with appropriate 
oculars. The 6-inch Stellartron mirror and 1¥2-inch elliptical diagonal are 
both pyrex, guaranteed figured to /e wave of light or better. The eyepiece, 
with rack and pinion, is a 28-mm. orthoscopic, field over 2°. The tube is 
30” long (your choice of fiberglass or aluminum); it has a 4-vane spider and 
a cast-aluminum mirror cell, adjustable for accurate optical alignment. The 
introductory price of $99.50 is exceptional. A light tripod mounting with 
manual slow motion is just $75.00 more. 

THOSE ARE THE FACTS. Now, think of an appropriaie name and send it 
in today. Your entry could be the one that wins the big 12'/2-inch “Galileo” 
Stellarscope! In case of a duplicate name, the earliest postmark wins. The 
contest closes at midnight, June 15, 1958. The decision of the judges is 
final. The contest is open to everyone, except members and their families 
of our own staff and our advertising agency. 





STELLAR SAVINGS PRICE LIST 


Write for complete catalog, which includes details on our exclusive trade-in 


offer and financing plan. 


STELLARSCOPES 


25-year unconditional guarantee on all 
Stellarscopes (except for drive motors and 
optical coatings). 


IMMEDIATE DELIVERY ALL SIZES! 
CID ic vocennacsenetoas $280.00 
BARBER sade heswestceeswes $350.00 
WOMENS oe ncc cates aueecen $460.00 
EE nc cicdnceoseuswuen $950.00 
WOME is lesa oecccemevate $3,400.00 
MIRRORS 


Finished pyrex Stellartron MIRRORS with 


pyrex diagonals, aluminized and quartz 
over-coated. 
WAM oan seu oe oes $54.50 
GON oki nscale e eceeoaee $83.50 
HOE Sisencxc cbuacen $145.50 
WA ime <5.5,. os cosets $228.50 
HORN — 84 cbse Seca ee $525.00 


Prices for larger mirrors on request. 


UNCONDITIONAL MONEY-BACK 


REFIGURING 


REFIGURING mirrors, aluminized and 
coated, Yg wave and better (Stellartronic 


process). Diagonal also provided. 
WN vck Sesseecaeds $29.00 
CO | ee Poe ere $45.00 
MONA ak ce cape cece $69.00 
LAPIN cndsacosen cease $111.00 


Prices for larger mirrors on request. 


Add $10.00 to the prices above for ex- 
change. Send us your old mirror and we 
will ship at once one of our brand-new 
mirrors, subject to your present pyrex 
mirror being reconditionable. 


Optical components sent postpaid. 


CUSTOM-MADE INSTRUMENTS built to your 
order. Prices and delivery dates on re- 
quest. From 6-inch to 21-inch and larger. 


Complete telescapes shipped freight or ex- 
press collect. 
Terms: %4 with order, balance C. 0. D. 


GUARANTEE OF SATISFACTION 


HOW YOUR HOBBY CAN PAY MONEY! 


Our spare-time ‘“‘DEMONSTRATOR” or ‘100% EXCLUSIVE FRANCHISE” plan may still 
be open in your area! We need enthusiastic amateurs to take orders, demonstrate, 
and service customers who have inquired about our products. If you’re the man, act 
now —— our representatives are enjoying their hobby more than ever and making 
money at the same time. Use the coupon, or, to be sure someone else doesn’t write 
for your area first, wire us right now, and we will hold your territory open for you 


for one week. 


Stellar Scientific Instruments Co. 
1015 West 6th St., Santa Ana, California. Phone: KI 7-2432 


Without cost or obligation, please send full particulars 
on how I can make spare-time money while enjoying 
my hobby more than ever. 


; 
(J DEMONSTRATOR PLAN 
- 
' 
' 
; 
! 
' 


O 100% EXCLUSIVE FRANCHISE PLAN 

ING IRI a vcsisincadicssacsshcecsacacevatotectitadssdeaiebinsathacsahsesesaiwinestsasashsseaneieaiiel 
SHUEY cecaicsnectcavscisccuovesstdccensaneaiinssaradoncecasdsucsiancededsattashtaaueetes narnia 
CUI wisi op cose pareatecsseeneesegiens ZONE s.s0s, STAN Birccsscssceisisamatts 
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It takes only $12.50 down to own this UNITRON 


Little wonder that the UNITRON 2.4” Altazimuth Re- 
fractor has long been America’s most popular low-priced 


refractor. 


For UNITRON and only UNITRON combines unexcelled 
optical and mechanical performance with exclusive fea- 
tures designed to increase your observing pleasure. As 
an example, take UNIHEX — the Rotary Eyepiece Selector 
which relieves you of the burden of fumbling with eye- 
pieces in the dark. Or, perhaps your observing situation 
may call for the DUETRON Double Eyepiece, the erecting 
prism system, the Astro-Camera 220, or the sun screen. 


Optically speaking, UNITRON Refractors duplicate the 
performance of larger telescopes of other types. Further- 
more, there are no mirror surfaces to become tarnished, 


- UNITRON 


INSTRUMENT 
204-206 MILK STREET 


no secondary optics to cause diffraction patterns, and no 
folding of the light back on itself with consequent loss of 
definition. It is not surprising that you see more and see 
better with a UNITRON. 


The UNITRON 2.4” Altazimuth Refractor is priced at 
only $125 complete with tripod, sturdy mounting with 
micrometric slow-motion controls, four eyepieces, carrying 
cases, and accessories. Using our Easy Payment Plan, a 
mere 10% down payment of only $12.50 brings this 
UNITRON to you. 

With interest in astronomy at an all-time high, now is 
the time to treat yourself to a UNITRON. After all, you 
deserve the very best. 


See the back cover. 


DIVISION of UNITED SCIENTIFIC CO. 
BOSTON 9, MASSACHUSETTS 
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Be Certain of Optical Excellence — Buy UNITRON 








MANY Models To Choose From! 


1.6" ALTAZIMUTH ($7.50 Down) $75 
with eyepieces for 78x, 56x, 39x 

2.4’ ALTAZIMUTH ($12.50 Down) $125 
with eyepieces for 100x, 72x, 50x, 35x 

2.4’ EQUATORIAL ($22.50 Down) $225 
with eyepieces for 129x, 100x, 72x, 50x, 35x 

3” ALTAZIMUTH ($26.50 Down) $265 
with eyepieces for 171x, 131x, 96x, 67x, 48x 

3’ EQUATORIAL ($43.50 Down) $435 
with eyepieces for 200x, 131x, 96x, 67x, 48x 

3" PHOTO-EQUATORIAL ($55.00 Down) $550 
with eyepieces for 200x, 171x, 131x, 96x, 67x, 48x 

4" ALTAZIMUTH ($46.50 Down) with $465 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x 

4"’ EQUATORIAL ($78.50 Down) wit $785 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 

4" PHOTO-EQUATORIAL ($89.00 Down) with $890 


eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 


$985 


‘ EQUATORIAL with clock drive 
($98.50 Down), Model 160V, eyepieces as above 


‘ EQUATORIAL with clock drive and metal $1075 
pier ($107.50 Down), Mode! 166V, eyepieces as above 


$1175 


> 


= 


‘ PHOTO-EQUATORIAL with clock drive and 
Astro-camera ($117.50 Down), with eyepieces 
for 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 


> 


‘ PHOTO-EQUATORIAL with clock drive, pier, $1280 
Astro-camera ($128.00 Down), eyepieces for 375x, 
300x, 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 


‘ EQUATORIAL with clock drive, pier, $5125 
2.4" view finder, with eyepieces for 625x, 500x, 
416x, 357x, 277x, 200x, 138x, 100x, 62x, 42x 


* 


o 


6” PHOTO-EQUATORIAL as above but with $5660 
4” quide telescope, i!!uminated diagonal, 
UNIBALANCE, Astro-camera Model 330 

6’’ PHOTO-EQUATORIAL as above with $6075 


addition of 3’’ Astrographic Camera Model 80 


To the newcomer and more experienced 
astronomer alike, the choice of “the best" 
telescope is difficult and confusing . . . so 
many makes . . . so many models. An astro- 
nomical telescope must be designed to ob- 
serve "point sources at infinity," and hence 
requires a precision optical system for crys- 
tal-clear definition. Optics and mountings 
must be equally precise to track the star or 
planet. One without the other is useless. 
UNITRON's quality is widely known and has 
withstood the test of time. Invest in a 
UNITRON and be certain of combined optical 
and mechanical excellence. 


@ LENSES are FULLY CORRECTED for spherical and 
chromatic aberration and are COATED for maximum bril- 
liance and clarity of image. Optics especially designed 
for astronomical observation. AIR-SPACED OBJECTIVES. 


@ REFRACTOR type of design duplicates the perform- 
ance of larger telescopes of other types. No mirrored 
surfaces to become oxidized. Superior definition to the 
very edge of the field. 


@ EYEPIECES of the HIGHEST QUALITY: Orthoscopic, 
Achromatized Symmetrical, Kellner, Huygens. Three to 
ten eyepieces included with each instrument. 


@ FINEST MATERIALS throughout. DURALUMINUM 
TUBE. Moving parts of BRASS carefully machined to 
close tolerances, and finished in CHROMIUM. No war- 
surplus components used. MODERN DESIGN based on 
time-tested engineering principles. HANDSOME APPEAR- 
ANCE to which no illustration can do justice. 


@ EQUATORIAL MODELS have slow-motion controls for 
both declination and right ascension as well as rapid- 
motion controls. Sturdy TRIPOD (or PIER). 


@ ALTAZIMUTH MODELS have slow-motion controls for 
both altitude and azimuth as well as clamps for both 
co-ordinates. Sturdy TRIPOD. 


@ VIEW FINDER with crosshair eyepiece. 
@ RACK-AND-PINION FOCUSING. 


@ Choice of UNIHEX Rotary Eyepiece Selector or STAR 
DIAGONAL and ERECTING PRISM for TERRESTRIAL OB- 
SERVATION. The same complete range of terrestrial 
magnifications as for celestial observation. 


Higher- and lower-power eyepieces available for 
all models. Prices include basic accessories, tripod 
and mounting, fitted wooden cabinets, and operating 
instructions, Additional accessories available to add 
further to your observing pleasure. 








Telescope Accessories by UNITRON 








UNITRON ACCESSORIES include objective 
lenses, eyepieces, rack-and-pinion focusing mech- 
anisms, sun projecting screens, guide telescopes, 
the UNICLAMP camera brackets, and many other 
components in addition to those listed on this 
page. All are described, illustrated, and priced in 
the new UNITRON Catalog. Since each component 
is used as standard equipment in UNITRON Re- 
fractors themselves, you are assured of obtaining 
the finest quality. 

ASTRO-CAMERA 220: Complete with air-operated cur- 
tain shutter, giving speeds of 1/10 to 1/90 second, bulb 
and time, shutter release, ground-glass back, 3 double 
plateholders for 314’ x 44%" plates or cut film, a 30- 
mm. f.l. eyepiece, extension tubes and clamps, and a 
fitted wooden cabinet. Model A is designed to fit the 
UNITRON rack and pinion and is for UNITRONS only. 
Model B fits 1%4’’ eyepiece holders. A or B: 


Only $69.50 postpaid 
1. VIEW FINDER (As used on UNITRON 2.4’ Models): 


23-mm. (.93’’) achromatic objective, 6x eyepiece with 
rosshairs. Chromed brass tube. Mounting brackets with 


entering screws. 
Only $8.50 postpaid 


2. VIEW FINDER (As used on UNITRON 3” Refrac- 
tors): 30-mm. (1.2’) coated achromatic objective and 
8x eyepiece with crosshairs. Other details as in View 


Finder 3. 
Only $10.75 postpaid 


3. VIEW FINDER (As used on UNITRON 4” Models): 
42-mm. (1.6’’) coated achromatic air-spaced objective 
10x eyepiece with crosshairs. Duraluminum tube finished 
in white enamel. Dewcap. Furnished with mounting 
brackets with centering screws for collimation. This 
finder also makes an excellent hand telescope for spec- 
tacular wide-field views of the sky. 


Only $18.00 postpaid 


UNIHEX ROTARY EYEPIECE SELECTOR (As illustrated 
on facing page): The old-fashioned method of fumbling 
with eyepieces in the dark has been outmoded by 
UNIHEX, UNITRON’s new Rotary Eyepiece Selector. With 
UNIHEX, you always have 6 magnifications ready at 
your fingertips. To change power, merely rotate a new 
eyepiece into position while the object stays centered 
and in focus in the field of view. Model A is designed 
to fit the UNITRON rack and pinion and is for UNI- 
TRONS only. Model B fits 11%4’’ eyepiece holders. Com- 
plete with special clamping device and cabinet. A or B: 


Only $24.75 postpaid 


INSTRUMENT DIVISION OF 
UNITED SCIENT.FIC COMPANY 


204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 





READ ABOUT THE UNITRON 6" 


Here is an instrument designed in every way to meet 
the exacting requirements of serious astronomical re- 
search — a custom-built telescope in every respect 
except the price tag. UNITRON’s 6” is the logical choice 
for the serious observer and for the school and college 
observatory. There are three basic models to choose 
from. Whether your major interests lie in visual work 
or visual observing and astrophotography, there is a 
UNITRON 6” for you — the INVESTMENT OF A LIFETIME 
FOR A LIFETIME. Write for bulletin on specifications. 


HOW TO ORDER 


Send check or money order in full or use our Easy Pay- 
ment Plan, as described below. Shipments made express 
collect. Send 20% deposit for C.0.D. shipment. 
UNITRON instruments are fully guaranteed for quality, 
workmanship, and performance, and must meet with 
your approval or your money back. 


Use Our EASY PAYMENT PLAN 


UNITRON’s popular Easy Payment Plan is 2 convenient 
and economical way to buy your UNITRON Refractor 
when you do not want to disturb your savings or when 
you haven’t the total cost of the telescope immediately 
available. The down payment required is 10%. The 
balance due is payable over a 12-month period, and 
there is a 6% carrying charge on the unpaid balance. 
Your first payment is not due until 30 days after you re- 
ceive the instrument, and if you should want to pay the 
entire balance due at that time, the carrying charge is 
canceled. (6’’ models available on special plan.) 


There is no ‘‘red tape’ when you order — you merely 
fill in the UNITRON Easy Payment Order Form, return it 
together with the required down payment, and the model 
of your choice is shipped to you at once. 


Do not hesitate to use this plan merely because you 
have never before purchased anything on time payments. 
The procedure is practically painless and is an ideal 
means of enjoying the use of your UNITRON while pay- 
ing for it. 


vide and Catalog on 


Observer's G 





This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today's 
fastest growing hobby. Exploring the skies with o tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs, 










Contents include— 


Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 

Hints for observers 
Glossary of telescope terms 
How to choose a telescope 


Amateur clubs and research 
programs 


. 






INSTRUMENT DIVISION of UNITED SCIENTIFIC CO 
204-206 MILK STREET * BOSTON 9, MASS. 





Please rush to me, free of charge, UNITRON's new Observer's 
Guide and Telescope Catalog. 
OI tes Salted aon | 
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OPTICAL FLAiS 
Pitch Polished, Beral Coated 


Rectangular shape 
1%” x 1%” 


wave $1.75 each 
VY, wave $4.50 each 


Postpaid 


Elliptical shape 
Heavy edges to minimize 
temperature effects 
14,” minor axis 

wave $4.00 each 
ly wave $6.50 each 

Postpaid 

BERAL COATINGS same optical character 
istics s aluminum mechanically more 
lurable not over-coated may be removed 
without harming glass surface Prices for 
Beral coating telescope mirrors: 4” diam 
$2.75, 6’ 3.50, 8” - $4.50, 10” - $6.50, and 
1244” $9 each, f.o.b. Skokie 


LEROY M. E. CLAUSING 





€ 


in 


8038 Monticello Ave Skokie, Ill. 











THE MARK III 


Sidereal Telescope Drive 
Bodine Auto- 
matic Clutch, Automatic Sidereal Time 
Circle requiring no calculation for loca- 
tion of objects, R.A. Indicator, Sidereal 
Time Indicator, Lifetime Quality, Pre 


Synchronous Motor, 


cision Fabrication. 


Ramsden Eyepieces 
Declination Circles 
Hour-Angle Circles 


Write for price list 
H & W OPTICAL CO. 


i Milwood Ave Venice, Calif 








TRIGARTH 
TURRET 
and 
Eyepiece 
Attachment 
with Rack 
and Pinion 





Just turn the Trigarth Turret and easily im 
prove the performance of your telescope It 
holds three eyepieces of standard 14,” O.D 
The Trigarth Turret sells for $15.95 postpaid. 
The Eyepiece Attachment with Rack and Pin 
ion also takes standard 14,” O.D. eyepieces 
The rack and pinion is machined from solid 
iluminum castings, precisely fitted for smooth 
performance The main tube is 1%,” long; 
iding tube adds 2”; total movement 334”. 
Choice of gray or black crinkle finish. The 
Eyepiece Attachment with Rack and Pinion is 


priced at $15.95 postpaid. 
MIRROR CELLS 


Made of light, sturdy 
luminum each is 
leal for securing the 
mirror to the tube. 
The cells are spring 
idjusted to absorb 
shocks and are cut 
away for ventilation. 
6"°— $7.00 
8" — $11.50 
10” — $35.00 
BUILD YOUR OWN TELESCOPE 
Prisms Lenses Eyepieces 
Mirrors ground to your order 
Aluminizing—with Quartz Coating 
Satisfaction Guaranteed 
Write for Free Catalog. Instructions, 10¢ 


GARTH OPTICAL COMPANY 
P. O. Box 991 Springfield 1, Mass. 
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GLEANINGS FOR ATM's 


CONDUCTED BY ROBERT E. COX 


CONSTRUCTION OF A SOLAR TELESCOPE 


ROMINENCES extending thousands 

of miles from the edge of the sun, 
solar flares, spicules, and geyserlike surges 
of brilliant material rising vertically from 
the chromosphere, are some of the fasci- 
nating phenomena awaiting the amateur 
who builds a coronagraph-type telescope 
for solar observing. 

In my case, the seeing in the Buffalo, 
New York, area had become so bad that 
I could no longer photograph stars or 
observe the night sky. As I have machine- 
shop experience, I accepted the challenge 
of building the specialized equipment 
necessary for direct observations of the 
sun’s chromosphere and prominences. The 
photographs shown with this article are 
but a few of the thousands I have se- 
cured with my solar telescope. 

This instrument is one of several I use 
for observing the sun; they are seen to- 
gether in the accompanying picture. The 
largest tube, on which the solar telescope 
is mounted, is part of another optical 
system. It contains a 12}-inch f/5 parab- 
feeds sunlight into 


oloidal mirror that 


Walter Semerau’s elabo- 
rate equipment for 
observing and _ photo- 
graphing phenomena on 
the sun is constantly 
being changed and im- 
proved. Two 35-mm. 
cameras are now used, 
one on the solar tele- 
scope described in this 
article; this telescope is 
contained in the two 
long, narrow tubes that 
are central in the pic- 
ture. The other camera, 
in the upper left, is 
mounted behind an An- 
derson rotating-prism 
assembly used for mak- 
ing spectrograms of the 
solar disk. The short 
barrel-like device at the 
lower right houses an 
automatic photoelectric 
guider that is under 
development. 





the optical train of an Ebert-type spectro- 
graph. The latter has an 8-inch mirror 
within the smaller tube at the left in the 
picture. Near the top of this spectrograph 
tube is a replica grating, its orientation 
controlled by the calibrated dial. Details 
of this spectrographic equipment can be 
found in Scientific American, September, 
1956, page 259, while the conversion of 
the apparatus to a spectroheliograph is 
described in that same magazine for April, 
1958, page 126. Only the solar telescope 
will be discussed here. 

The solar telescope’s 44-inch objective 
is carried in the black tube that extends 
out of the top of the picture of the instru- 
ments as a whole, and which is at the left 
in the closeup on the facing page. Be- 
cause of lack of room in my observatory, 
it has been necessary to jackknife the ray 
path by means of two prisms at the other 
end of the system, as shown in the dia- 
gram of the parts opposite. The square 
section in the lower part of the second 
tube contains the quartz polarizing mono- 


chromator. The heavy electrical cables 
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Compare the parts of the prominence telescope with the diagram below. Also seen is the large tube of the 12}-inch reflector 
es on which the apparatus is mounted, but other parts of Mr. Semerau’s equipment have been masked out. 
so when prominences on the sun’s limb 
OBvECTIVE : é 
nbs FIELD LENS are viewed there, the occulting-disk edge 
OPTICAL Axis ” tt must be near the optical axis. On the 
V \ other hand, more of the sun’s limb can 
RED | se : <bean ¢ 
> photoer: > > > > 
° eee ee sms »e ~photog1 iphed in one picture if the 
MIRROR Dove PRISM \ stop center of the disk is near the optical axis. 
| s ‘ ‘ - zs P 
WA i 7 Na fa y, The occulting disk is placed just in 
CAMERA | ~~7 V NX! Coy Y . . . > 
| front of and very close to the focal plane 
——— — — — — — —— MoNocHRomaToR of the objective lens. It is, in principle, 
Pp . 
RYSPUSE cone-shaped to scatter sunlight properly, 
but may be made a beveled disk as drawn 
lead to a sensitive microvoltmeter for — striae, all scatter light, thereby reducing on the next page. If the edge were not 
keeping track of temperature changes. contrast and hiding fine details in the — beveled but square-cut, grazingly reflected 
Toward the left in the assembly is an image. The other optical elements in the — light from the limb of the sun might be 
eyepiece for visual observing, while above — unit must likewise have superfine surfaces. scattered into the optical system. The 
it is mounted a single-lens reflex camera, War-surplus or commercial optics may beveled edge should be sharp and_ burr- 
used without its lens, for making black- need lap polishing for short spells to ob- _ free; great care should be taken to avoid 
and-white and color pictures of events on — tain the quality of polish required. nicking: it. 
the sun. Occulting disk. The design of this very Since the diameter of the sun’s image 
Objective lens. As the observations important part of the solar telescope 
will be made in nearly monochromatic needs considerable thought. It must ro- 
g light (usually hydrogen alpha at 6563 tate about the optical axis. This may be TELESCOPE MAKERS 
angstroms), the objective lens need not accomplished with a ring gear having an : 
be achromatic. Furthermore, to reduce inside diameter larger than the field Everything for the Amateur 
light scattering, a simple plano-convex covered by the telescope. Since the view- KITS...... . $4.50 up 
lens of very long focus is desirable, {/21 ing field I get is larger than the picture Thousands of our customers with no special 
- ee : Le, Te eS . ane, Qn . aes a training have built powerful precision tele- 
in my case. The spherical aberration of area on 35-mm. film, by rotating the pin scopes with out qualay supplies. iesbucines 
such a long-focus lens can be ignored (but ion and gear I can orient the occulting- and guidance. 
may be removed according to the instruc- disk supporting arm so it is not visible Send for Complete Instructions, 10¢ 
tions by E. Pettit in Amateur Telescope in the picture. ALREZING 
= . ; ’ Superior Reflecting Surface. 
Making — Book Three, page 422). For best results, it should be possible Guaranteed not to peel or blister. 
The lens surfaces must have as perfect to place the occulting disk’s edge any- MIRRORS MADE TO ORDER 
finish; ible. Dust lishing where in the field of view. Visual observ nate aia 
a finish as _ possible. ust, polishing where in the field of view. Visual observ- EYEPIECES PRISMS 
scratches (sleeks), internal bubbles, and ing is better at the center of the field, CELLS BINOCULARS 
PRECISION 
TRI-TURRET 
Holds 3 standard 114” 
O.D. eyepieces. Smooth 
turn to grooved notch 
aligns eyepiece _ pre- 
cisely, ready to focus 
for various powers. 
Suitable for reflectors 
or refractors. $15.75 
2 
ORTHOSCOPIC EYEPIECES 
HIGHEST QUALITY © MADE IN U.S.A. 
Special four-element design, with fluoride- 
coated lenses, gives a wide flat corrected field. 
Standard 14,” O.D. E.F.L. 6-8-12-16-24- 
mm. Postpaid $15.95 
2 Pe ‘ , > P Write today for FREE Catalog. 
On October 5, 1956, after three morning hours of uneventful prominence Boilisa : " 
. , “ e P o 
» photography, Mr. Semerau returned from lunch to find a very active promi- Precision Optical Supply Co. 
nence erupting from the sun. At 1:10 p.m., the time of this picture, the total 1001-H East 163rd St., New York 59, N. Y. 
length of the prominence was about 250,000 miles. 
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On June 26, 1956, at 11:42 a.m. Eastern standard time, the solar telescope revealed prominence activity at points on the 
sun’s limb about 90 degrees from each other. The scale of the picture is given by the sun’s diameter, some 864,000 miles. 


changes during the year, the same occult Prisms. Sufhiciently large, high-quality 
ing disk cannot be used for more than 15-degree prisms are used to reflect the 
two or three months. after which it will light into the monochromator _ train. 


be either too large or too small. I have There is no light loss at their internally 


several disks, differing in steps of 0.005” a aire? Se 


diameter, and for each observation choose | 


one that is very slightly smaller than the lt 
image of the sun 
Field lens. This is located just behind aka tih Mame 
the occulting disk, very close to but not ORT: 
in the focal plane of the objective. If it FIELO 
were in the focal plane, any dust on the 
lens would be in sharp focus at the eye 
piece or camera. The field lens is chosen \ , ho 
to form an image of the objective at the 4 N + ; ge 
diaphragm or stop farther along in the \ / 
optical system. Although some mono is 
chromator designs do not include this = eee 
wr ULTING 





field lens, it improves the performance of 





the instrument when used with the stop + ——_-_- 








CAL-ASTRO TELESCOPES ARE HERE 


yf aioe Outstanding optics. Super-smooth focusing. 
—7eaturing — Sturdy construction. Clean mechanical lines. 


These telescopes will reveal planetary markings with unsurpassed 
clearness and sharpness of detail. 


We are now taking orders for 6-inch and 8-inch Newtonians 
Larger sizes and other types available soon 
For introductory prices and literature describing the many 


features of these fine instruments 
SEND AIRMAIL TODAY 


Cal-ADs tro 30 North San Gabriel Blvd 


PASADENA, CALIFORNIA 





Optical Laboratories 
Sj 194 Owned and opevated Leland S. Ba Dept. F Phone: Sycamore 2-8843 
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reflecting hypotenuse surfaces. Because 
the evaporated coating on a mirror 
causes scattering of light, mirror surfaces 
cannot be substituted for these prisms. 
It is for this same reason that the solar 
telescope cannot be mounted horizontally 
and fed with sunlight reflected from a 


coelostat mirror. 


One of the most impor- 
tant parts of the solar 
telescope is the occult- 
| ing-disk assembly. The 
Disk | spring-steel supporting 


 STeet arm can be rotated out 


of the observing area. 








Stop or diaphragm. This is a disk with 
a central hole very slightly smaller in 
diameter than the image formed by the 
field lens. It combines with the latter to 
reduce measurably the edge diffraction 
from the objective, thereby avoiding an- 
other possible source of scattered light. 
Collimator. This lens is placed im 
mediately behind (left of) the stop, and 
its focal length is equal to its distance 
from the focal plane of the front objective 
lens. My collimator has a focal length of 
221” and sends a parallel beam of light 
through the monochromator assembly. 
Filter. For hydrogen-alpha light, a 
Corning 2408 red glass filter helps to iso 
late that spectral region. Placed between 
the collimating lens and the monochroma- 





is 





2 


| MOUNTED IN ALUMINUM CELLS f/15 


| We offer the lowest priced, hand-corrected, precision, 
| objective, mounted in a black-anodized aluminum cell. Our reputation has been estab- 
lished over the years as the most reliable source of high quality astronomical lenses. 


American-made astronomical 





“Those in the know” BUY FROM US BECAUSE: 





31%" diam., 48” f.1. (uncoated) ....$28.00 
$32.00 


Same as above with coating 


Diameter Focal Length Each 
54 mm (21%”) 254 mm (10”) . $12.50 
54 mm (2'%”) 300 mm (11.8”) 12.50 
54 mm (214”) 330 mm (13”) 12.50 
54 mm (214”) 390 mm (15.4”) 9.75 
54 mm (23%”) 508 mm (20”) 12.50 
54mm (214”) 600 mm (2314”) 12.50 
54 mm (214”) 762 mm (30”) 12.50 
54mm (21%”) 1016 mm (40”) 12.50 
54 mm (21%”) 1270 mm (50”) 12.50 
78 mm (3-1/16”) 381 mm (15”) .. 21.00 
80 mm (314”) 495 mm (1914”) 28.00 
81 mm (3-3/16”) 622 mm (2414”) 22.50 





COATED BINOCULARS 





American Type “‘Zeiss’’ Type 


Beautiful imported binoculars, precision made, at a 
low, low price. Above we have pictured the two most 
popular types. The American Type offers a superior 
one-piece trame and a clean design, pleasing to the 
eye. Complete with carrying case and straps. Price 
plus 10% Federal tax. 


SIZE TYPE C. FOCUS IND. FOCUS 
»x 15 OPERA —_ $12.75 
»>x 30 ZEISS $18.75 16.75 
7%35 “ZBISS 21.25 19.25 
7x35 AMERICAN 23.50 _ 
7x35 AMERICAN WIDE 
ANGLE 10 37.50 _ 
7x50 ‘ZEISS 24.95 22.50 
7x50 AMERICAN 32.50 _ 
8x30 ‘ZEISS 21.00 18.25 
0x50 ‘ZEISS’ 30.75 28.50 
0x50 “ZEISS 41.50 39.50 
MONOCULARS 
™“ Brand new, coated optics, complete 
cr tea with pigskin case and neck straps. 
Price Price 
x 30 $10.00 7x 50 $15.00 
8 x 30 11.25 16 x 50 17.50 
x 35 12.50 20 x 50 20.00 





“MILLIONS” of Lenses, etc. 
Free Catalogue 











Ve pay the POSTAGE 
Satisfaction guaranteed or money refunded if merchan- 


C.O.D.’s you pay postage. 


lise returned within 30 days. 


Each lens is thoroughly tested by us and is guaranteed to resolve two seconds of arc or better. They are 
corrected for the C and F lines (secondary chromatic aberration). The zonal spherical aberration and 
the chromatic variation of spherical aberration are negligible. The cell is machined to close tolerances 
so that it will fit directly over our standard aluminum tubing, eliminating any mounting problems. 


We can supply ALUMINUM TUBING for the above lenses. 
“BIG” ACHROMATIC TELESCOPE OBJECTIVES 


We have the largest selection of diameters and focal lengths in the United States available 
for immediate delivery. These are perfect magnesium-fluoride coated and cemented Gov't. 
surplus lenses made of finest crown and flint optical glass. Not mounted. Fully corrected. 
Tremendous resolving power. They can readily be used with eyepieces of only 4” focal 
length, thereby producing high powers. Guaranteed well suited for astronomical tele- 
scopes, spotting scopes, and other instruments. Gov't. cost up to $100. 


@ We can supply ALUMINUM TUBING for the above lenses. @ 


414” diam., 62” f.1. (uncoated) .... $60.00 
$69.00 


Same as above with coating 


Diameter Focal Length Each 
83 mm (314”) 660 mm (26”) - $28.00 
83 mm (314”) 711 mm (28”) - 28.00 
83 mm (3144”) 762 mm (30”) 28.00 
83 mm (314”) 876 mm (3414”) 28.00 
83 mm (314”) 1016 mm (40”) 30.00 ~~ 
102 mm (4”) 876 mm (3444”) 60.00 
108 mm (414”) 914 mm (36”) 60.00 
110 mm (4%4”)* 1069 mm (42-1/16”) .... 60,00 
110 mm (434”) 1069 mm (42-1/16”) 67.00 
128 mm (5-1/16”) * 628 mm (2434”) 75.00 
128 mm (5-1/16”) 628 mm (2434”) 85.00 


*Not coated 


“GIANT” 3” TELESCOPE 





40 power Special Price $57.50 


Never before has anything like this been 
offered at so low a price. Here is another 
example of American ingenuity. Big 3” diame- 
ter achromatic coated objective which will give 
needle-sharp crystal-clear images. Focusing is 
a delight with the micrometer spiral focusing 
drawtube. Light-weight aluminum construction 
throughout, black crackle finish, length open 
22 inches, closed 17 inches. This telescope 
gives an upright image — it is WONDERFUL 
for astronomy, SUPERB for long distances, 
EXCELLENT as a spotting scope. 


“GIANT” EYEPIECE 


WIDE ANGLE ERFLE (68 
Field) EYEPIECE. Brand new; 
coated 14,” E.F.L. Focusing mount. 
3 perfect achromats, 1-13/16” aper- 


ture : $18.50 





WIDE ANGLE ERFLE 1,” E.F.L. Brand new; 
contains Eastman Kodak's rare-earth glasses; aperture 


. $18.50 


> 


2”; focusing mounts; 65° field 


1%” Diam. Adapter for above eyepieces $3.95 


LENS CLEANING TISSUE — Here is a wonder- 
ful Gov't. surplus buy of Lens Paper which was made 
to the highest Gov't. standards and specifications. 


. $1.00 


500 sheets size 714” x 11” 


A. JAEGERS 





MOUNTED EYEPIECES 


The buy of a lifetime at a great sav- 
ing. Perfect war-surplus lenses set in 





black-anodized standard aluminum 

14,” O.D. mounts. 
F.L. TYPE PRICE 
12.5 mm (14”) Symmetrical ..... . ..$ 6.00 
16 mm (5%”) Erfle (wide angle) .... 12.50 
16 mm (%”) Triplet 12.50 
18 mm (34”) Symmetrical psicdastetset 
22 mm (27/32”) Kellner dadota : 6.00 
32 mm (11\4”) Orthoscopic en 
35 mm (134”) Symmetrical .. 8.00 
55 mm (2-3/16”) Kellner .. 6.00 
56 mm (214”) Symmetrical San . 6.00 


COATED 75 cents extra. 


ASTRONOMICAL MIRRORS 


These mirrors are of the highest quality, polished to 
\,-wave accuracy. They are aluminized, and have a 
silicon-monoxide protective coating. You will be 
pleased with their performance. 


Diam. F.L. Postpaid 
Plate Glass 3-3/16” 42” $ 9.75 
Pyrex 4YV,” 45” 13.50 
Pyrex 6” 60” 25.00 


MIRROR MOUNT 


Cast aluminum. Holds all our mirrors firmly with 
metal clips. Completely adjustable. Assembled, ready 
to use. 


3-3/16” Mount fits our 41.” tubing $4.00 ppd. 
41,” Mount fits our 5” — tubing 4.00 ppd. 
6” Mount fits our 7” tubing 7.00 ppd. 
Aluminum Telescope Tubing 
O.D. I.D. Price Per Ft. 
244” 21%” $1.20 ppd. 
334” 344,” 1.75 ppd. 
41,” 4134,” 2.75 ppd. 
bg 17%” 2.75 ppd. 
7” 6%” 3.00 f.0.b. 


Focusing Eyepiece Mounts 
Rack & Pinion Type 


The aluminum body casting is finished in black 
crackle paint and is machined to fit all our aluminum 
tubing. Has a chrome-plated brass focusing tube, 
which accommodates standard 114” eyepieces. 


For 2144” I.D. Tubing Postpaid $12.95 
For 344” I.D. Tubing ~ 12.95 
For 44%” I.D. Tubing : 12.95 


REFLECTOR TYPE FOR ALL SIZE TUBING: 


Complete with diagonal holder $ 9.95 
Aluminum Lens Cells 
Black Anodized 

Cellfor Lenses Cell Fits Tubing Price 
54 mm Diam. 2%” LD. $ 3.50 
78mm " s* 6.50 
8limm " 3%” “ 6.50 
83mm ° 3” “ 6.50 
110mm * 44%,” “* 10.50 


Makes a _ nice low-priced 
tinder. Brand new; has 
1” Achromatic Objective. 
Amici Prism Erecting Sys 
tem, 144” Achromatic Eye 


3X TELESCOPE 





and Field Lens. Small, 
compact, wt. 2 Ibs. 
Gov't. cost $200. $9.75 
FIRST SURFACE MIRRORS 
Size Postpaid Size Postpaid 
14” x 16” $10.00 544"x 74” $3.00 
10” x 10” 5.00 7 £3 2.00 
9” x 11-3/16”.. 5.00 Y 3 1.85 
8” x 10” 4.25 ‘ae So 1.50 


All mirrors are 44” thick. 


TELEVISION PROJECTION LENS 


Brand New, f/1.9, E.F.L. 5 inches. Manufactured by 
Bausch & Lomb. We purchased entire lot of these 
discontinued units. Five elements, smallest lens 2”, 
largest 44g”. Completely assembled 6” in length. All 
surfaces hard coated. Get this BARGAIN now. 
ONLY $22.50 


e THE GLASS HOUSE ®° 


691 § MERRICK RD. 4. | tele] Sa. ee 
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tor, it absorbs practically all wave lengths 
of the solar spectrum except a band about 
600 angstroms wide. 
Monochromator. 
the solar telescope, and consists of a series 


This is the heart of 


of seven high-quality crystal-quartz blocks 
of spec:fed thicknesses, with a sheet of 
polaroid film sandwiched between each 
two blocks. ‘The optical axes of the quartz 
are carefully aligned in one direction, and 
the polaroid axes are set at exactly 45 
degrees to that direction. 

The purpose of the monochromator is 
to filter out all unwanted wave lengths 
except that of the hydrogen-alpha line. 
The bandpass of my monochromator at 
present is four angstroms. There are ac- 
tually a few more transmitted frequencies 
in nearby regions of the spectrum, but 
these can be eliminated by appropriate 
filters behind the monochromator. 


On September 1, 1957, between 13" and 19°, 
prominence activity was higher than normal. 
Great hydrogen clouds extended some 45 de- 





rees ar > sun’s edge. 
grees around the sun 


Construction of a monochromator is a 
demanding task, which has been described 
in an article by R. B. Dunn in Sky and 
Telescope,” and by Henry E. Paul in 


Amateur Telescope Making — Book 


1. Available as a reprint for 50 cents from 
Sky Publishing Corporation, Harvard Ob- 
servatory, Cambridge 38, Mass. 


Three, page 376, where a further bibliog- 
raphy on the subject may be found. 


When a monochromator is installed in 
the solar telescope, the thinnest quartz 
block should face toward the sun, on the 
assumption that thin elements are least 
affected by temperature changes and that 
there are more pieces of polaroid to ab- 
sorb the heat. For work in the red region 
of the spectrum, polaroid film HN 38-40 
should be used. 


Both Mr. Dunn and Dr. Paul give de- 
tailed instructions on setting up a suitable 
light source and breadboard spectrometer 
for optically testing the thickness of each 
quartz block and checking the passbands 
of a combination of blocks. It is quite 
difficult to test for errors in the complete 
seven-block assembly, due to the great 
loss of light through the polaroid filters. 
Small errors may remain unnoticed unless 
the light source is very powerful. 





This workshop setup for 
checking the very nar- 
row bandpass of the POLAROIDS . 
completed monochroma- 
tor permits detection of 
smaller errors than do 


other testing methods. Picpsaciay 

Only a few of the mono- (TUBE 

chromator elements are || P 
shown. N 








TEMPERATURE- 
CONTROLLED 
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ASTROLA Reflecting Telescopes 


Me. FR ° x 


New De Luxe Model "B" 8-inch ASTROLA, f/7, 
complete with rotating tube, clock drive, setting 
circles, and 3 oculars (85x, 210x, 360x). $575, 


full price including packing and crating. 


NOW AVAILABLE NATIONALLY ON EASY TIME PAYMENTS 


Write for further information. 


AMERICAN MADE 





IONEEL A, | GGA 6 6.0 55010500 ele lw Shere eine 9 05: Re wae eie eel $295.00 
STANDARD MODEL "B", — 8-inch Ore em tee eet rr ew. $375.00 
a Me PeRe ge  NORINON a 565.5 occ stein woo naw aices oe Mea w eine $475.00 


These instruments are fully portable—as they can be assembled or taken down in three 
minutes. Each comes with three of the finest oculars. The equatorial head and stand are 
of cast aluminum. The fiberglass tube is made by W. R. Parks. Optics are corrected to Ve 
wave or better and are quartz coated. ASTROLAS will resolve double stars to the Dawes 
limit. Clock drives, rotating tubes, setting circles furnished at additional cost. 


ARE YOU SATISFIED WITH YOUR PRESENT MIRROR? 


If your mirror does not give the fine performance you need for satisfactory observing, the 
expert opticians at Cave Optical Co. will refigure it at a reasonable price, or offer you a 
new precision-ground pyrex mirror. Whichever you choose, your mirror will have a fine 
figure, good to Ve wave length or better. 


REFIGURING MIRRORS PYREX MIRRORS 
Refiguring, aluminizing, and quartz coating New pyrex mirrors, aluminized and 
your mirror. Diagonal also provided. coated. Diagonal also provided. 





RMS << casscastessesaves $35.00 DENG aivstseicearsvnces $60.00 
8-inch .... sieves SOOO BAGH oss sscacenassssasses 
10-inch ee 10-inch ... 
DEVIN asic cccseesvsccree $120.00 TQYAHNGI ssesssszencccssessts 
All prices f.o.b. our plant, Long Beach, Calij., and subject to change without notice. 


Send for catalogue. 


CAVE OPTICAL COMPANY 


4137 E. Anaheim St., Long Beach 4, Calif. 
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But such bright illumination is not es- 
ntial if the slit recommended by these 
ther workers is removed and all the 
rht that passes through the blocks is al- 
wed to enter the spectrometer. Each 
issband then monochromatic 
image of the light source, rendering very 
nall errors detectable at the spectrometer 
yeprece. 
\ reference spectrum from the hydro- 
1 Geissler tube is included, as shown 
in the drawing, by having the bottom half 
of the spectrometer entrance face covered 
by a slit. A right-angle prism sends the 
monochromator light through the upper 
half of the spectrometer. 

Dove prism. This is not a 
item, but it is useful for rotating the final 
image of the desired part of the sun 
when composing a picture. It is driven 
by a ring gear and pinion fastened to a 
rod that can easily be reached by the ob- 
server. This rod, in the pictures of the 
instrument, extends along the upper side 
of the thinner tube from near the eye- 
piece to just above the microvoltmeter. 


forms a 


necessary 


Camera and eyepiece. ‘The second col- 
limating lens must be of the same size 
and focal length as the first one (223” 
in my instrument), in order to form the 
sun’s monochromatic image in the final 
focal plane. The image can be studied by 
an eyepiece or photographed with a 
camera. The special reflex mirror that I 
have placed in front of the camera open- 
ing allows me to view the image of a 
prominence until just before an exposure 
is made. The reflex mirror and camera 
shutter operate electrically by means of 
solenoids. 

Support. When I first built my solar 
telescope, I thought it should be encased 
in a lighttight dustfree enclosure. In 
spite of hours of painstaking machine 
work and careful fitting of parts, dust and 
moisture worked their way inside due to 


5 | ae 











Changes in the prominences of Sep- 
tember 28, 1956, are recorded in this 
series, taken (top to bottom) at 12:09 
p-m. Eastern standard time, 12:21, 
12:34, and 1:56. In the large promi- 
nence at the right, a graceful arc of 
descending matter is most intense in 
the second picture from the top. 


the pumping action of the air within, ex- 
panding and contracting with tempera- 
ture changes. 

The 
operating temperature of 104 
Fahrenheit (40° C.). But I found that as 


monochromator is heated to an 


degrees 














The sliding-roof construction of Mr. Semerau’s observatory facilitates putting 
his equipment into operation quickly when outbursts of solar activity occur. 
All his apparatus is carried on one equatorial mounting. 


Reflecting Telescope Kits 


| Our kits have PYREX mirror blank, PYREX 
| tool the same thickness, ample supply of optical 

quality abrasives, fast polishing cerium oxide, 

red rouge and pitch. Packed in metal cans. 


Size Thickness Price 
44" v4" $ 600 
6" $10 50 
8” WY" $18.75 
10” 134" $33.65 
1212" 28" $59.95 


ADD POSTAGE: Ist and 2nd postal zones 
from Detroit, add 5%; 3rd and 4th, add 
10%; Sth and 6th, add 15%; 7th and 8th, 
add 20%. Or we will ship C.O.D. 
supplies, 


Send for free 


catalog of 


accessories, and refracting telescopes. 


ASHDOWNE BROS. 


18450 Grand River Detroit 23, Michigan 
FEFHEFEEHEEHEHEFEEEEEEEE+E+EHS 


‘Precision Diagonals 


{ You will get the best possible per- 
| 
| 








formance from your telescope with one 
of our clear fused quartz diagonals. 
Accuracy guaranteed 1/20 wave. 


Ellipse 1.25" x 1.77" $11.00 
Ellipse 1.5" x 2.12" $14.00 
Pyrex diagonals, 1/8 wave accuracy 
Ellipse 1.25" x 1.77" $ 5.00 
Ellipse 1.5" x 2.12" $ 8.00 
Aluminum coating $1.00 extra. 


Send for our complete list of supplies, 
quartz mirrors, blanks, oculars, 
coatings, and accessories. 


E& W OPTICAL CO. 


2406 E. Hennepin Ave. 
Minneapolis 13, Minn. 








AMAA _o.. 
PAG) aatzaags, fine, 
/ SWB yOOOe WH 


Reg. US. Pat. Off 


Your mirror may now have the same 
aluminum and quartz over-coating, with high 
reflection, durability, and guaranteed perma- 
nent adhesion, that we are giving Cave Optical 
Co. for the Astrola telescopes. Your mirror 
will be carefully packed and on the way back 
to you within 24 hours. 


Gineh.. 6.5 $6.50 








soce SORE 
. $16.00 


10-inch. . 
12-inch. 
Prices are f.o.b. Los Angeles. 


Since 1933 


PANCRO MIRRORS, INC. 


Research and Production Laboratories 
2958 Los Feliz Blvd., Los Angeles 39, Calif. 








SYNCHRONOUS MOTORS 
In Stock For 


Immediate Delivery 


From | revolution in 48 hours to 3,600 
revolutions per minute. From |/2,000 
horsepower to |/4 horsepower. 


Free literature on request. 
MINARIK ELECTRIC CO. 


224 East Third Street 
Los Angeles 13, Calif. 
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Prominences of many different shapes are recorded with the solar camera. At 
the upper left is Mr. Semerau’s “shaggy dog” prominence. 


it cooled down after observing, the air 
inside contracted and drew in moist dust- 
laden air. In below-freezing situations, it 


is obvious that moisture condenses on all 
the optics; to evaporate this internal mois- 
ture the monochromator heat control has 





SKY-GAZERS EXCHANGE 


Classified advertising costs 25 cents a word, including 
address; minimum charge, $3.00 per ad. Only one 
for sale ad per issue for each advertiser. Remittance 
must accompany order. Insertion is guaranteed only 
on copy received by the 20th of the second month 
before publication; otherwise, insertion will be made 
in next issue. We cannot acknowledge classified ad 
orders. Sky Publishing Corporation assumes no_re- 
sponsibility for statements made in classified ads, nor 
for the quality of merchandise advertised. Write Ad 
Dept. Sky and Telescope, Harvard Observatory 
Cambridge 38, Massachusetts. 


TELESCOPES: M-17, 8-power elbow telescopes, op 
tically perfect, fitted with standard tripod adapter 
Satisfaction guaranteed or money refunded. Price, 
$14.85 postpaid. Shelsy Co., 250 W. Broadway 
New York 13, N. Y. 


BARGAIN: 10” f/12 reflector, 3 oculars, strong 
equatorial mounting, $375.00. For information 
write Wayne Angle, 1308 Barnes Dr., Arlington, 
Tex 


MIRRORS: Guaranteed quality, 6” and 8” aluminized 
mirrors. Write for free price list. S and J Optical 
Co., P. O. Box 344, Batavia, Il 


DISCOUNT PLAN explained in 1958 catalegue of 
telescope making supplies. Send 25¢, deductible 
from first order. Quality Optics, Walbridge, Ohio 


OBSERVING FLASHLIGHT Excellent for consult 
ing reference material. Separately shielded red and 
clear bulbs. Uses standard flashlight batteries (not 
included ) Postpaid $5.50. Nathan Ayer, 3277 
Massachusetts Ave., Lemon Grove, Calif. 


ACHROMATIC OBJECTIVES, 1 each: 2-9/16” x 
18l,” fl $15.00; 25%” x 1514” f.1., $15.00 
3-1/16" x 15” f.1., $12.00; air-spaced 334” clear 


aperture x 55” f.1., £715, in 4 ». cell, used 
$15700. Panoramic telescope, 3x, 12° field, tripod 
adapter, $20.00. New Rangemaster binocular 


(Bushnell), x 35, case, straps, $85.00. C. D. 
Naylor, 903 W. Airy St., Norristown, Pa 


BEGINNER'S Telescope Kit: $3.00 each, all parts 
and 3 lenses. Make 8-power astronomical telescope 
Perfect for youngsters and school projects. Frank 
Myers, 19200 N. Park Blvd., Shaker Heights, Ohio 


FOR SALE: De luxe Questar, perfect condition, latest 
model, aspheric optics, $850.00. S. R. Arnold, 
Electrical Engineering Lab., University of Illinois, 
Urbana, Ill 


Aluminum, through 8 
Pesco-A, Box 363, Ann 


TELESCOPE TUBING: 
diameter, any length. 
Arbor, Mich 


UNITRON equatorial 3”. 
camera. Deliver in northeast. 
Franklin Ave., Princeton, N. 


Eyepiece turret, clock, 
Robert Flory, 354 


SCHMIDT'S famous moon map, 25 plates. Printed 
on 814” x 11” sheets. $1.75 postpaid world-wide. 
Scientific Book Service, 663 Franklin Ave., Colum 
bus 15, Ohto. 


FINE ANASTIGMATS, barrel mounts, tris: 200-mm. 
f/2.9, $37.50; 300-mm. f/2.5 (no iris), $115.00; 
350-mm. f/5.6, $39.50; 500-mm. £/6.3, $59.50; 
750-mm. £/6.3, $79.50. Walter Baer, 741 State 


St., Lancaster 2, Pa. 


SIDEREAL DRIVE for telescope or camera, track 
stars accurately, simple gearless design, make trans 
parencies, complete plans, $1.00. ‘Space Chart, 
planets, sun, moon, asteroids, stars, constellation 
maps, $1.00. L. Mussgnug, Box 74, Bethel, Conn. 

SOUTHWESTERN OBSERVERS: Finest _ refractor 
telescopes Special wide-angle and fine imported 
binoculars. Shipped from Dallas, Texas. Models, 
terms, complete information on request. Melton 
Industries, 1901 Levee St., Dallas 7, Tex. 


FOR SALE: German 31)” f/14 refractor, equatorial, 
slow motions. Reflector, 6” £/8, clock drive, astro- 
camera, accessories. Write for photos and full de- 
tails. T. Gosman, 32-59 43 St., Astoria 3, N. Y. 

WANTED: 16” or 20” pyrex blank and tool. Paul 
Hudlow, Box 124, Breckenridge, Tex. 


AN ENTHUSIASTIC, articulate believer in the space 
age, educational items, telescopes, celestial globes, 
and the like, desires promotional marketing position. 
Harry Lessin, 1032 S$. Orange Dr., Los Angeles 19, 
Calif. 

WILLING to share 8” reflector in exchange for pro- 
viding good, permanent observing site near New 
York City. Albert Nagler, 792 E. 175 St., Bronx 
60, N. Y. 


QUATORIAL MOUNTS: Four sizes, $21.95 to 
$74.95. Free literature. Marvin Stell, 600 E. Sth, 
Coleman, Tex. 


BOOKLET on how to operate your telescope success- 
fully, including setting circles, observing _ lists, 
$1.00. Ray Dudley, 28503 Saddle Rd., San Pedro 
23, Calif. 


MONEY-MAKING opportunity for enthusiastic ama- 
teur astronomers. See our ad on page 365. 6” 
Stellarscope, Ye wave, guaranteed 25 years, full 
price $99.50. Wanted: Old mirrors for new. Send 
your old mirror and just $10.00 more than our reg- 
ular refiguring charge we'll send you, by return 
mail, a brand-new '4-wave Stellartron mirror in ex 
change. Trade in your small telescope for a \g-wave 
25-year-guaranteed Stellarscope. Send a snapshot 
and specifications of your scope teli us which 
Stellarscope you're interested in. We will allow up 
to half your original purchase price on trade-in 
and will send you our bid by return air mail, plus 
catalogue. Stellar Scientific Instruments, 1015 W 
6th St., Santa Ana, Calif 
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to be turned on about two hours before 
observing begins again. 

The open type of tube construction, 
first mentioned to me by Dr. Paul (who 
is a Norwich, New York, amateur), is 
used at the large solar observatories, such 
as Sacramento Peak Observatory (Sky 
and Telescope, August, 1956, page 436). 
Some of the bothersome breathing effect 
would be eliminated; also, it is easier to 
build, to clean the optics, to detect mis- 
alignment of the elements. Such a sup- 
porting frame would be less expensive, 
and there would be more freedom to 
change and rearrange the elements. 

It would, of course, still be necessary 
to house the monochromator parts in a 
temperature-controlled box. Also sug- 
gested is a light-baffle tube extending 
from the monochromator to the eyepiece, 
as shown by the dashed lines in the dia- 
gram on page 369. 

Dr. Paul’s idea was to use two rigid 
parallel ways that could serve as optical 
benches on which to clamp all compo- 
nents. A 6” or 8” aluminum channel }” 
thick or an I-beam might do as a rigid 
support. To allow for future changes, 
choose a base support 6” to 8” longer than 
the focal length of the primary objective 
lens, if the folded design described here 
is adopted. 

For simplicity, all lens mounts could 
be alike, a suitable type being illustrated 
here. Each should have the same groove 
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GROOVE SETSCREWS 


Where the lenses of a solar telescope 

are not mounted in a closed tube, the 

supporting elements can be simple in 
design, as shown by this diagram. 


on the vertical center line to fit the bed 
of the instrument support. All the optical 
elements must be centered the same dis- 
tance above the support. If mechanical 
stopblocks are clamped at each mounting 
form, it is easy to change cameras, second- 
ary lenses, occulting disks, and other 
components on this open type of con- 
struction. 

All the work is worth the effort. Look- 
ing at the ever-changing solar promi- 
nences and their unexpected outbursts is 
like watching a continuous color televi- 
sion show without the commercials. 

WALTER J. SEMERAU 
135 Zimmerman Blvd. 
Kenmore 17, N. Y. 








TRECKERSCOPE «x 








AMERICA’S NO. 1 TELESCOPE 
FOR AMATEURS AND 
PROFESSIONALS ALIKE. . . 
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able features still within the price range of every- 
one? Super-rigid mounting (with adjustable latitude 
setting). Unexcelled optical system correct to /g-wave 
, sodium light, or better. Fiberglass, feather-light 
~~ L >= ‘ tube. World’s finest finder-scope system (50-mm. 
objective). HYDRO-GLIDE eyepiece focusing mount. 
Your choice from the nation’s finest selection of 
oculars (eyepieces) of any three eyepieces or any 
two eyepieces and the Goodwin Resolving Power 
lens. Precision clock drive, 110 volt, plus manual 
slow-motion control (with De Luxe models). Semi- 
rotatable tube on Standard models fully rotatable 
on all De Luxe models. Setting circles, accurate to 
0.001 inch, may be obtained for Standard models 


and are furnished with the De Luxe. Write for our 





catalogue Treckerscope brochure or our pam- 


TRECKERSCOPES (from left to right) — 122” DE LUXE, 10” DE LUXE, 8” DE LUXE, phiet, “What You Should Know, Look For, And 





6” DE LUXE, and 10” CASSEGRAIN “SKY-GIANT” Demand Before Buying Any Telescope.” 
MADE IN THE U. S. A. @ RESEARCH QUALITY I cnc... $495.00 STANDARD 6” oo... $295.00 
20-YEAR UNCONDITIONAL GUARANTEE ge I ars00 gr  ers.00 
MECHANICALLY PRECISE ©@ OPTICALLY PERFECT PE siscsioiasasiasttens 1150.00 © TP cinciustati 995.00 
Standard models available in all sizes except the 10” “Sky-Giant”’ 10” CASSEGRAIN “SKY-GIANT” .............. $1695.00 
ORTHO-STAR OCULARS | TRECKER-PATHFINDER $74.50 


EQUATORIAL MOUNT complete 


This mount will accommodate 4-inch to 8-inch telescopes. Specify your 
tube size when ordering. 


Standard 36-inch height — massive 11/2-inch steel shafting, in oil-im- 
pregnated bronze bearings. 


This amazing EQUATORIAL MOUNT is just what the doctor ordered for 
mounting that homemade telescope you labored so hard to finish. Now 
you can purchase a beautifully constructed, highly rigid equatorial 
mount, COMPLETE, for your own telescope as economically as if you 
had built it yourself. This terrific mount is made entirely of metal; 
all of the moving equatorial parts are polished to work with maximum 
. ease. Legs, head, and counterweight are all removable for easy storing. 
in conjunction with an 8” f/8 mirror: 27 mm.—61x; 20 mm. The saddle allows complete rotation of your tube. One of the more 
81x; 16 mm.-—102x; 10 mm.—-163x; 7 mm.—233x. : important features in this mount is that the polar axle is extended for 
$19.50 h * : ‘ ease in attaching a clock drive and/or setting circles, which may be 

30 each ppd. : added at any time. The TRECKER-PATHFINDER mount also has a beau- 

tiful, chip-resistant finish. Taking all of these unusual features into 


USE OUR EXTENDED PAYMENT PLAN ON ALL SCOPES AND MOUNTS consideration, this is truly one of the best DOLLAR-FOR-DOLLAR values. 


— | 4-VANE ANOTHER COAST “FIRST”! 
ee SPIDERS ALL-NEW HYDRO-GLIDE eyepiece focusing mount (formerly referred to as ‘‘rack and 


Skeleton type pinion’’). Now you can have whisper-smooth control, such as has never before been 


DUST SEALED — ALL COATED 
BEAUTIFUL FINISH 


Guaranteed to be the finest you ever used 
—or return for full refund! Outstanding 
features: wide flat field, sharp to the very 
edge; extra-long eye relief; parfocalized for 
easy change of power; sealed-in optics, never 
need interior cleaning; hard coated, mag- 
nesium fluoride; boldly marked for easy identification; striking 
chrome and black-velvet finish, beautifully machined, 114’ 0.D. 


ORTHO-STAR oculars are available in the following focal 
lengths, giving, for example, the indicated powers when used 











6% 2.0 Sas i tas pape available in any focusing mount — an entirely mew concept — yet standard in appear- 
OM ooo. .ae See ® —-“ 11.5 ance and method of securing to your telescope tube. You will be astounded at its 
TO. oe $17.95 191 pial aa unbelievable superiority. If this isn’t the smoothest -— return for full refund! 
Lee. 2-; $21.00 ; ; ; ‘ $18.50 patent pending 
HUNT-MASTER RIFLESCOPES TRECKER FINDER PENSCOPES Satin-chrome finish 
; 7x, 50-mm. objective, helical : 5 power 
—, ys onl pene = : A precision telescope that clips in 
STANDARD FIELD OF VIEW — ALL MODELS CROSSHAIR RETICLE : — TRECKERSCOPES. $18.50 | your pocket like a fountain pen. 


Made in U.S.A. Fully guaranteed. Choice of power 2Ve2x, 4x, 
or 6x. Mounts to fit any make rifle. When ordering, specify 
type gun, model, brand. Features: highest luminosity, color 
corrected; cushioned lenses, fluoride coated; easy installation; 


For hunters, sports fans. Now in 


Send for Coast Instrument’s Pro- use by the F.B.1. Made in U.S.A. 





rugged, durable, dependable. SOR juctadinn inant, fessional MIRROR CLEANING KIT. $9.95 

plus 35c postage and handling $2.35 ppd. : 
All prices, unless otherwise indicated, are at our warehouse in Long Beach, California, to which shipping charges will be added, and are subject to change without notice. 
Nominal crating charge added for all telescopes and mounts. California residents: Add 4% sales tax to all prices. NOW APPOINTING DEALERSHIPS . . . INQUIRIES INVITED. 


COAST 'N STR U MENT, INC. 4811 Long Beach Blvd., Long Beach 5, Calif. 


“IN OPTICS SINCE 1933” 


Phone: GArfield 2-3411 or NEvada 6-7683 
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STAR AND SATELLITE 
PATHFINDER 


‘Road Map’ of the heavens! 
A rotating chart showing 
well over 500 stars in rela 
tionship to each other at 
= selected day and hour. 

»ble on reverse side sup 
oe valuable information 
on constellations, planets, 
meteor showers and_ the 
like. Included free with or 
der: STAR PATHS in 


. shows how to use Star and 





truction booklet 


Si atel Lite Pathfinder contains simplified drawings of 
celestial apeen key points of meridian, time correction 
tables her valuable data. 

PR PBT ON Seti cavgncevsrec rasan oisiesterae 50c ppd. 


THE METZGER 
GLARE-REDUCTION SCREEN 


The Metzger Glare-Reduction Screen is an accessory 
to refractors and reflectors, designed to cut planetary 
glare and help in observing finer planetary detail. 
The kraft-paper mount affords ample protection to the 
screen, which should be flat 


Stock #70,138-Y—for 5’ 0.D. tubes. .$2.95 ppd. 
Stock #70,139-Y—for 7’ 0.D. tubes .$3.95 ppd 
SETTING- CIRCLE SET 
Two 8”-diameter dials 
accurately printed on 
1/16”-thick black plastic, 
rigid but unbreakable. 


White figures and black 
background. Alternate 
black - and - white blocks 
designate divisions, allow 





easier reading, less eye 
strain. 14” pilot hole in 
center. 
Declination circle has 360° divided into 1° blocks, 
d reads from 0 to 90 to 0 to 90 to 0 
Right-ascension circle has 24-hour scale divided into 


minute blocks with two different scales on the same 
side. One reads from 0 to 6 to 0 to 6 to 0 hours 
nd the other 0 to 24 hours consecutively. Instruction 


heet included 


Stock #50,133-Y.... $5.00 ppd. 


3” ASTRONOMICAL 
REFLECTOR 


60 to 120 Power — An Unusual Buy! 





Assembled ready to use! See Saturn's rings, the 
inet Mars, huge craters on the moon, star clusters 
moons of Jupiter, double stars, nebulae, and galaxies! 
Eq atorial -type mounting with lock on both axes 
Aluminized and over-coated 3”-diameter f/10 prima 
nirror, ventilated cell. Telescope comes equipped with 
1 6OX eyepiece and a mounted Barlow lens, giving 
0 to 120 power A finder telescope, always so essen 
tial, included. Sturdy, hardwood, portable tripod 


Free with scope: Valuable STAR CHART 
and 272-page ASTRONOMY BOOK 


..$29.50 f.o.b. 
Barrington, N. J. 


Stock #85,050-Y. 
(Shipping wt. 10 Ibs.) 








4” REFRACTING 
TELESCOPE 


240 POWER 





Complete with Finder, Equatorial Mounting, 
Tripod, Eyepiece Extension, Star Diagonal, 
and Three Eyepieces 
A fine instrument, designed for rugged use and qual- 


ity performance. Mounting made from heavy iron 
castings with machined be: Urings for smooth age 300 


Tripod has extra-heavy 60” hardwood legs.  Tele- 
scope’s weight is 42 Ibs., giving stable, steady view- 
ing. Big 4” objective is an air-spaced achromat, each 


element Aet on both sides for low reflection. Three 
eyepieces supplied give you 48X, 120X, and 240X. 
Special Barlow lens also gives up to SOOX. Star 
diagonal included for comfortable viewing at high 
ingles. Rack-and-pinion focusing. All metal parts 
are plated to prevent rusting. Finder is 8 power. The 


sual — for a 4” refractor of comparable quality is 
ver 10, so Our model saves you almost 40% 
Stock PEN cess otcy ie vaovesdenvdiatorbee $247.00 f.0.b. 


(Shipping wt. 55 Ibs.) Barrington, N. J. 


OBSERVE SUNSPOTS 


There are more sunspots now than for many a year. 
Join the International Geophysical Year effort of re- 
search on the sun. It’s fun to use your telescope dur 


broad daylight. Care must be taken to avoid 


dam?ge to your eyes. 
_ There are several methods of reducing intensity 








the in’s rays, but the most popular ts using a 
Her aa wedge plus a sun filter over the eyepiece. 
UNMOUNTED HERSCHEL WEDGE 
Siz i0 mm. x 55 mm.; wedge angle is 10°. The 
critical surface is flat to Y wave Not mounted. 
Stock 330,265-Y ..$3.50 
MOUNTED HERSCHEL WEDGE 

Same size as above but 
mounted with diagonal 
holder for reflectors. Fits 
our rack-and-pinion holder, 
Stock No. 50,077-Y, that 
is also used on our il, ‘d 
ind 6” reflectors. Holk ler 
rod is long enough for 
1,”, 6”, and 8” mirrors. 
Rod is 5/32” O.D. and 5” 
ong 
Stock #30,266-Y....$5.50 
SUN FILTERS 
These filters help protect the eyes from normal visible 
rays, invisible infrared, and ultraviolet. 3-mm. thick 
s. Per cent of light transmission: visible 0.0091%, 
ultraviolet none, infrared 0.019007 
Stock No. Size Price 
BIO cossicccin ceadsnssiceee tO: rasantasns .$1.00 
2727-Y.. ews 2.00 
PMY vs ccatesoess ene I casei canes 1.25 
ONES |! ie | eR 1.50 


WAR-SURPLUS 
TELESCOPE 
EYEPIECE 


Mounted Kellner Eyepiece, Type |} 
achromats, f.l. 28 mm., | 
eye relief 22 mm. An extension 
idded, O.D. 14”, standard for 
most types of telescopes. Gov't. 
cost $26.50 


Stock #5223-Y......$7.95 ppd. 





EDMUND SCIENTIFIC CO 
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EDSCORP 
SATELLITE TELESCOPE 


OPTICS: The Satellite Scope has two important 
optical characteristics: A wide (51-mm.) diameter, 
low-reflection-coated objective lens. A  six-element 
extremely wide-field, coated Erfle eyepiece that, in 
combination with the objective, gives 5.5 power with 
a big 12° field and over 7-mm. exit pupil. 


OTHER USES FOR THE SATELLITE SCOPE 


1. Makes a perfect wide-field finder. A_ special 
groove on the barrel helps in locating it in the 
finder mount. Fits our twin-ring finder mount, 
Stock No. 70,079-Y—$9.95. 2. Use the Erfle eye- 
piece on your regular astronomical telescope. You 
will need our adapter, Stock No. 30,171-Y—$3.95, 
which gives you an O.D. of 144”. This eyepiece 
cost the government $56.00! 3. Makes a wonderful 
comet seeker; see complete asterisms. 4. Makes a 
fine rich-field telescope; see wide areas of sky with 
deep penetration. 


Especially Made for Members of MOONWATCH 
Stat FEI OBEN sisson disp teciseann re $49.50 ppd. 


Now — See the Satellites 
NEW, LOW-PRICE 
“SATELLITER” TELESCOPE 


First Time — 

Only $9.95 ppd. 
Get ready for the sky show as 
more satellites are vaulted into 
space. Our new, low-price ‘‘Satelliter’’ telescope may 
also be used to view comets and as a rich-field scope 
for viewing star clusters. 5 power, wide 12° field, 
slight distortion at outer edges because of unusually 
wide field. Use of high-quality war-surplus optics 
makes possible this bargain. Full 2” achromatic 
objective large 9-mm. exit pupil for night use. 
Scope is 10” long, weighs less than one pound 


enn $9.95 ppd. 


WAR-SURPLUS 
Se MOUNT 


bis £) We have just discovered a 
radar tube mount (Gov't. 
cost about $50.00) that is 
very much like our mount 
for the regular MOON- 
WATCH telescope. We in- 
clude a spacer so that our 
$9.95 ‘‘Satelliter’’ telescope 
will fit the tube. You can 
attach a mirror on the end 
or purchase the model to 
which we have attached a 
2” x 3” first-surface mirror with a metal bracket. The 
scope holder is mounted on a removable 4”-long T-slot 
slide, and the adjustable base has one 12” long 

The pivot point of the mirror holder will ~ "about 
14,” below the optical axis of the mirror. This does 
not allow its easy use at an official MOONWATCH 
station. However, it is a minor point for other groups 
or for satellite viewing by an individual. 

Adjustable through about 75° angle. Tube has 
spring-shock mounting. Also can be mounted and 
used vertically. Made of light-weight aluminum and 
magnesium. 

Stock #70,151-Y....Mount only........... $6.00 ppd. 
Stock #70,152-Y....Mount with mirror and 

bracket (as illustrated)................ $9.00 ppd. 
Stock #70,153-Y....Complete with mirror and 

$9.95 ‘’Satelliter’ telescope.......... $18.95 ppd. 
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BUILD A 
SOLAR-ENERGY FURNACE 


Great Project for Geophysical Year! 


A fascinating new field. You can 
build your own solar furnace for 
experimentation many practical 
uses. It's easy, inexpensive — use 
your scrap wood. We furnish in- 
struction booklet. This sun-powered 
furnace will generate terrific heat 
2000° to 3000°. Fuses enamel 
to metal. Produces many unusual 
fusing effects. Sets paper aflame in 
seconds. Use our Fresnel lens 
,” diameter, f.1. 14” 





Stock #70,130-Y....Package of 1......... $6.00 ppd. 
Stock #70,131-Y....Package of 2......... 11.00 ppd. 
Stock #70,132-Y....Package of 4......... 20.00 ppd. 


Rack & Pinion Eyepiece Mounts 





For Reflectors For Refractors 


Now you can improve performance in a most im- 
portant part of your telescope the eyepiece holder. 
Smooth, trouble-free focusing will help you to get 
professional performance. Look at all these fine fea 
tures: real rack-and-pinion focusing with variable 
tension adjustment; tube accommodates standard 
114,” eyepieces and accessory equipment; lightweight 
aluminum body casting; focusing tube and rack of 
chrome-plated brass; body finished in black wrinkle 
paint. No. 50,077-Y is for reflecting telescopes, has 
focus travel of over 2”, and is made to fit any 
diameter or type tubing by attaching through small 
holes in the base. Nos. 50,103-Y and 50,108-Y 
ire for refractors and have focus travel of over 4” 
Will fit our 2%” I.D. and our 37%” I.D. aluminum 
tubes respectively. 


Stock 750,077-Y (less diagonal holder) $9.95 ppd. 
Stock #60,035-Y (diagonal holder only) 1.00 ppd. 
Stock #50,103-Y (for 27s’ 1.D. tubing) 12.95 ppd. 
Stock #50,108-Y (for 37%’ 1.D. tubing) 13.95 ppd. 


‘ 


7X FINDER TELESCOPE-ACHROMATIC 


Stock 750,080-Y Finder alone, less ring mounts. . .$9.95 
Stock 750,075-Y king mounts per pair.......... $3.95 


Mounted Ramsden Eyepieces 


Standard 114” Diameter 


Our economy model, standard- 
size (1Y4,” O.D.) eyepiece. We 
mounted two excellent quality 
plano-convex lenses in black 
inodized aluminum barrels in- 
stead of chrome-plated brass to 
save you money. The clear image 
you get with these will surprise 
Directions for using short focal length eyepieces 
ire included with both the 4” and 14” models. 


Stock #30,204-Y....1/4” focal length....$4.75 ppd. 
Stock 30,203-Y..../2” focal length....$4.50 ppd. 








YOUR ORDER WILL BE 
SHIPPED PROMPTLY — 
WITHIN 24 HOURS! 





RUBBER PITCH-LAP MAT 
Saves Mirror Makers Time and Trouble 


m A rubber pitch-lap mat is 
used for forming the pitch- 
lap channels. Just pour 
the melted pitch on the 
tool, lay the mat on top 
and then press it in with 
your mirror to form the 
channels. When the pitch 
sets, an easy pull will re- 
move the mat. In minutes 
instead of hours you are 

ready to polish. Eliminates time-consuming and 
tedious hand-cutting of the channels of the pitch lap. 

All those disappointing break outs of the pitch, com- 
mon when hand-cutting the channels, are avoided. 
You no longer have to pour and cut two or three laps 
before getting a usable one. With our Rubber Pitch- 
Lap Mat you can use the first one you make. 


Stock No. Size For Mirror Diam. Price ppd. 
50,171-Y = 1342" x 132" 8”, 10’, 12” $2.00 
60,061-Y 6 x 6” 44", 6” 1.00 


DOUBLE AND TRIPLE YOUR 
TELESCOPE’S POWER 
WITH A BARLOW LENS 


PRIMARY FOCUS 


Rays “™ 
FROM — 
PRIMARY nn Sa a 
SINGLE _ arr 
ELEMENT 
SS ae | | EYEPIECE 
BARLOW— 2a. eee 


WHAT IS A BARLOW? A Barlow lens is a negative 
lens used to increase the power of a telescope with- 
out resorting to short focal length eyepieces, and 
without the need for long, cumbersome telescope 
tubes. Referring to the diagram above, a Barlow 
is placed the distance P inside the primary focus 
of the mirror or objective. The Barlow diverges the 
beam to a distance Q. This focus is observed with 
the eyepiece in the usual manner. Thus, a Barlow 
may be mounted in the same tube that holds the 
eyepiece, making it very easy to achieve the extra 
power. The new power of the telescope is not, as 
you might suppose, due to the extra focal length 
given the objective by the difference between P and 
Q. It is defined as the original power of the tele 
scope times the quotient of P divided into Q. 





Beautiful chrome mount. We now have our Barlow 
lens mounted in chrome-plated brass tubing with 
special spacer rings that enable you to vary easily 
the power by sliding split rings out one end and 
placing them in other end. Comes to you ready to 
use. Just slide our mounted lens into your 1144” LD. 
tubing, then slide your 1144” O.D. eyepieces into our 
chrome-plated tubing. Two pieces provided, one for 
regular focal length eyepieces and one for short focal 
length ones. 

Remember, in addition to doubling and _ tripling 
your power, a Barlow lens increases your eye relief 
ind makes using a short focal length eyepiece easier. 

Don’t fail to try one of these. Many people do 
not realize the many advantages of a Barlow and 
the much greater use they can get from their tele 
scopes. Our Barlow has a focal length of —1-5/16”. 
We have received many complimentary letters about 
this lens. So sure are we that you will like it that 
we sell it under a 30-day guarantee of satisfaction 
or your full purchase price returned no questions 
asked. You can't lose, so order today. 


Stock +30,200-Y Mounted Barlow lens...... $8.00 ppd. 


BRASS TUBING 
» pieces, 3” long, slide fitting. 
I.D. 1-3/16”, O.D. 1-5/16”. 
ge Pere rer rT COC $1.75 ppd. 


30-day Money Back Guarantee 
as with all our Merchandise! 


Blackened brass. 


OPTICAL IDEA & GADGET CONTEST 
In celebration of International Geophysical Year 
Contest Ends Dec. 31, 1958 


Our Catalog has full details on rules, prizes and 
entry blank — Write for Catalog “Y.” 


PRISM STAR DIAGONAL 


For comfortable viewing of 
the stars near the zenith 
or high overhead with re- 
fracting telescopes using 
standard size (14%4” O.D.) 
eyepieces, or you can make 
an adapter for substandard 
refractors. Contains an ex- 


cellent quality aluminized 
right-angle prism. Tubes 


are satin chrome-plated brass. 
Body is black wrinkle cast 
aluminum. Optical path of 
the system is about 314”. 


Stack: FF7QORIW ik. cccsccccacccc ae 


SPITZ MOONSCOPE 





A precision-made  32- 
power reflecting telescope 

by makers of Spitz Jr. 
Planetarium. Clearly  re- 
veals the craters of the 
moon, shows moons of 
Jupiter, other wonders of 
the heavens. Based on 
same principles as world’s 
giant telescopes. Stands 36” 
high on removable legs. 
Adjustable 3” polished and corrected mirror. Fork-type 
altazimuth mount rotates on full 360° circle swings 
to any location in the sky. Fascinating 18-page in- 
struction book, sturdy carrying case. 


Sed BIRD Rc sccscccinted $14.95 ppd. 





“MAKE-YOUR-OWN” 414” MIRROR KIT 


The same fine mirror as used in our telescopes, 
polished and aluminized, lenses for eyepieces, and 
diagonal. No metal parts. 


Steals Fo SOTO gy. .oiss accsciccsedicsseateinnss $16.25 ppd. 


6X FINDER TELESCOPE 





is 


basse bliin 


Has crosshairs for exact locating. You focus by 
sliding objective mount in and out. Base fits any 
diameter tube an important advantage. Has 3 
centering screws for aligning with main _ telescope. 


20-mm. diam. objective. Weighs less than Yj 
pound. 
Stoule FE SGA eis icscsiicstecteccoanwne $8.00 ppd. 


MISCELLANEOUS ITEMS 


KELLNER EYEPIECE 2” focal length (14,” O.D.). 
Mount of black anodized aluminum. 
Wide ie ck ve becciidorcxrevendees $6.00 ppd. 
60° SPECTROMETER PRISM Polished surfaces 18- 
mm. x 30-mm. flat to Yy wave length. 
Stock 330,143-Y. .$8.25 ppd. 
ASTRONOMICAL TELESCOPE TUBING 
Stock No. J.D. 0.D. Lgth. Description Price 
80,038-Y 47%. 514" 46 )  Spiral-wound $2.50 
85,008-Y 67%.’ 73%" 60” ¢ paper 4.00 
85,011-Y 27/3” = |S ) 6.00 
85,012-Y 372" 4” 60" . 8.75 
85,013-Y 47" 5" 48" cena 9.00 
85,014-Y 67/3" a! ag) 15.00 
All tubing is shipped f.c.b. Barrington, N. J. 





BE SURE TO GET FREE CATALOG “Y” 


Fantastic variety never before have so many 
lenses, prisms, optical instruments, and compo- 
nents been offered from one source. Positively 
the greatest assembly of bargains in all America. 
Imported! War Surplus! Hundreds of other hard- 
to-get optical items. Write for Free Catalog “’Y.” 











ORDER BY STOCK NUMBER ... SEND CHECK OR MONEY ORDER .. . SATISFACTION GUARANTEED! 


BARRINGTON e 
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OCCULTATIONS BY SATURN 

Saturn will pass in front of two faint 
stars in Ophiuchus during May. On the 
morning of May Ist the planet will occult 
the 8&.8-magnitude star BD —21° 4701. 
Both the opening and final stages may 
be seen from the South Pacific, but only 
the disappearance of the star behind the 
outer ring will be visible from the western 
United States. This is predicted for 10:49 
Universal time, as seen from Palomar Ob- 
servatory in California, according to the 
1958 Handbook of the British Astronomi- 
The diagram shows the 
the 


cal Association. 


apparent star relative to 
Saturn. 

The same diagram also indicates the 
occultation by Saturn of the 9.0-magni- 
tude BD —21° 4657 during the early 
morning of May 27th. The event will be 
generally visible from North America. At 
Montreal, the star goes behind the outer 
edge of the ring at 7:09 UT, and behind 
the western limb of the planet at 8:00, 


path ol 


star 


S 
' 


aa ee 
4567 


BD -2!° 


° 4701 





Mc 





MOUNTED BARLOW LENS 


This is a simple special 
lens that fits neatly into 
your 1 focuser and 
takes any 144” O.D. eye 
piece. Easily doubles or 
triples power of your 
present telescope No 


adjustments 
.50 postpaid 


adapters or 
necessary. $7 





Unmounted Barlow lens 


11%” diam. 
$3.00 postpaid 


CIRCULAR SPIDERS 


New Design 





To hold elliptical 
diagonals. Fully ad- 
justable. Give ex 
cellent results. State 
your diagonal and 
tube sizes. 
$8.50 postpaid 
LOW-EXPANSION 
ELLIPTICAL DIAGONALS 
Aluminized, 4% wave. 
Mino xis 
vy, $3.75 
1” ‘ ; 3.75 
WwW" , ‘ 5.00 
1,” , 6.50 


MODIFIED RAMSDEN EYEPIECES 


” 3”. and 4” focal 


14” O.D. 


Vn, Wy" "iu", 2 
“sake acaleale ‘mounted in 

silicon-aluminum bushings 
$5.50 each, $14.00 per set (any 3) 


lengths. 


SILICA GEL DRYING AGENT 


prevents tog 











ging of optics. Comes in small cloth bags, 
lasts indefinitely 3 bags, $1.00 postpaid 
Write for free catalog. 
NYE OPTICAL CO. 
100 Cherry Ave., Long Beach 6, Calif 
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CELESTIAL CALENDAR 


Universal time is used unless otherwise noted. 


emerging from the eastern limb at 9:18. 
Morning twilight will prevent watching 
the emergence of the star from the ring. 
\t Palomar, the corresponding times will 
be 7:14, 8:03, and 9:20, respectively, with 
the final reappearance of the star from 
the ring at 10:23 UT. 

Large apertures and good seeing will be 
needed for satisfying views of these rather 
dificult phenomena. Sky and Telescope 
will observational reports, in- 
cluding accurate timings of the contacts. 


welcome 


MAY METEORS 
The moon, just past full, will seriously 
interfere with observations of the Eta 


\quarid meteor shower this month. Maxi- 
mum will occur on the morning of May 
5th; under good sky conditions up to 12 
meteors per hour might be counted by a 


A schematic view of the 
occultation of two faint 
stars by Saturn this 
month. The crepe ring 
is shaded, and Cassini’s 
division is the heavy 
line between the outer 
ring A and ring B. 


MAY 27 


1 -€ 





a: 


single observer. On the date of maximum, 


99h 


the radiant will be at right ascension 22 
24", declination 0°, and it will shift 
northeastward by one degree each day. 

W.H.G. 


MINIMA OF ALGOL 


May 2, 4:42; 4, 22:31; 7, 19:20; 10, 


16:09; 13, 12:58; 16, 9:47; 19, 6:36; 22, 
3:24; 25, 0:13; 27, 21:02; 30, 17:51. June 
2, 14:40; 5, 11:29; 8, 8:18. 

These minima predictions for Algol are based on 
the formula in the 1953 International Supplement of 
the Krakow Observatory. The times given are geo- 
centric; they can be compared directly with observed 


times of least brightness. 


OCCULTATION PREDICTIONS 

May 8-9 Beta Capricorni 3.2, 20:18.7 
— 14-54.9, 20. Im: A 7:00.8 —1.4 +2.3 43; 
B 7:06.4 —1.3 +2.4 36; C 6:46.7 —1.3 
+2.2 51; D 6:54.8 —1.2 +2.4 Em: A 
8:07.4 —1.9 +0.3 290: B 8:06.5 —1.8 
+0.3 297; C 7:57.4 —1.8 +0.6 284; D 
7:56.2 —1.5 +0.5 294; E 7:38.9 —1.0 
+(0.9 285; F 7:22.4 —0.9 +1.3 261. 

May 30-31 Alpha Librae 2.9, 14:48.6 


—15-52.1, 12. Em: A 0:32.4 —2.1 42.5 
236; B 0:36.8 — 1.7 +1.9 245. 
For stations in the United States and Canada, 


usually for stars of magnitude 5.0 or brighter, data 
from the American Ephemeris and the British Nauti- 
cal Almanac are given here, as follows: evening- -morn- 
ing date, star name, magnitude, right ascension in 
hours and minutes, declination in degrees and min- 
utes, moon’s age in days, immersion or emersion; 
standard-station designation, UT, a and b quantities 
in minutes, position angle on the moon's limb; the 
same data for each standard station westward. 

The a and b quantities tabulated in each case are 
variations of standard-station predicted times per de- 
gree of longitude and of latitude, respectively, enabling 


JUPITER’S SATELLITES 


The configurations of Jupiter’s four bright moons 
are shown below, as seen in an astronomical or in- 
verting telescope, with north at the bottom and east 
at the right. In the upper part, d is the point of 
disappearance of the satellite in Jupiter’s shadow: 
r is the point of reappearance. 


In the lower section, the moons have the positions 
shown for the Universal time given. The motion of 
each satellite is from the dot toward the number 


Transits over Jupiter's disk are shown 
by open circles at the left, eclipses and occultations 
by black disks at the right. The chart is from the 
American Ephemeris and Nautical Almanac. 


designating it. 


MAY 
Phases of the Eclipses of the Satellites 
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times for one’s local 
in 200 or 300 miles of 
LS). Multiply a 
(Lo-—LoS), and 


computation of fairly accurate 
station (long. Lo, lat. L) within 
a standard station (long. LoS, lat. 
by the difference in longitude 
multiply b by the difference in latitude (L—LS), 
with due regard to arithmetic signs, and add both 
results to (or subtract from, as the case may be) the 
standard-station predicted time to obtain time at the 
local station. Then convert the Universal time to 
your standard time. 
Longitudes and latitudes of standard stations are 
+42 1 


d hie oa, | t : > $40°. 

B + 73°.6, 145 5 ° + 98°.0, +31°.0 

Cc soe +38°.9 G Fd 

D +79°.4, +43°.7 H +120°.0, +36°.0 
I +123°.1, +49°.5 


VARIABLE STAR MAXIMA 








May 1, S Hydrae, 084803, 7.9; 9, R 
\urigae, 050953, 7.8; 9, RV_ Sagittarii, 
182133, 7.8; 11, S Pegasi, 231508, 8.0; 
11, X Centauri, 114441, 7.8; 16, R Cas- 
siopeiae, 235350, 6.5; 28, R_ Sagittarii, 
191019, 7.2; 28, S Coronae Borealis, 
151731, 7.5; 29, RU Sagittarii, 195142, 
yp a 

re , R Canum Venaticorum, 134440, 
‘ai R Caeli, 043738, 8.0; 7, RS Hercu- 
lis N73, 8.0; 7, I Centauri, 133633, 6.1 

These ages ef variable star maxima are bes 
the AAVS Only stars are included whose mean 
maximum pedo Me are brighter than magnitude 
8.0. Some, but not all of them, are nearly as bright 


as maximum two or three weeks before and after the 
dates for maximum. The data given include, in 
order, the day of the month near which the maximum 
should occur, the star name, the star designation 
number, which gives the rough right ascension (first 
four figures) and declination (bold face if southern), 
and the predicted magnitude. 





red 





THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 

The moon’s symbols give its phase roughly, with the date marked alongside. 

Each planet is located for the middle of the month or for other dates shown. 
All positions are for 0" Universal time on the respective dates. 


The moon is to be partially eclipsed on 
May 3rd, for observers in western North 
\merica, the Pacific Ocean area, eastern 
\sia, and Australia. At maximum, only 
|.5 per cent of the moon’s diameter will 
be obscured by the umbra of the earth's 
shadow. The penumbral eclipse will begin 
at 10:10 UT, with first umbral contact at 
12:00 and mid-eclipse at 12:13. The moon 
will leave the umbra at 12:26, and the 
penumbra at 14:16. 

Mercury reaches greatest western elon- 
14th, 26° from the sun. 
hour before the sun, 


gation on the 

Rising about an 
Mercury will then be at magnitude +0.7 
but poorly placed for observation, low in 
the southeastern sky. 

Venus is a morning star in May, rising 
about two hours before the sun on the 
15th and of magnitude —3.6. In a tele- 
scope, its gibbous phase may be seen; its 
disk is 66-per-cent illuminated and 17’.4 
in diameter. 

Mars is in the morning sky in Aquarius, 
rising in midmonth about three hours 
before the sun. The red planet is of mag: 
nitude +0.8, with a telescopic disk only 
/ across. 

Jupiter crosses the meridian about 10 
p.m., local time, in the middle of the 
month, and can be seen until dawn. The 
planet is of magnitude —2.0, situated in 
eastern Virgo. Its telescopic appearance 
is striking, the flattened disk having an 
equatorial diameter of 43” and a polar 
diameter of 40%. The moon will pass 
near Jupiter during the night of May 
2, conjunction occurring on the 2nd 
at 9:21 UT, with the planet 2° 11’ north, 
as seen from the earth’s center. 


Saturn will rise about two hours after 


UNIVERSAL TIME (UT) 

TIMES used in Celestial Calendar are Greenwich 
or Universal time, unless otherwise noted. This 
j-hour time, from midnight to midnight; times 
ter than 12:00 are p.m. Subtract the following 
rs to convert to standard times in the United 

States: EST, 5; CST, G6: MSi, 7; PST, 8. 8 
ssary, add 24 hours to the UT before subtract- 

1 which case the result is your standard time 
the day preceding the Greenwich date shown. 


sunset on the 15th, and will be visible the 
rest of the night as a +0.4-magnitude ob- 
ject in Ophiuchus. Its telescopic disk is 
16” in polar diameter; the major axis of 
the ring system is 41”. The rings are well 
placed for observation this season, the 
northern face inclined 26°.5 to our line 
of sight. The moon will be close to Saturn 
on the morning of May 6th, conjunction 
occurring at 10:22 UT, with the moon 
passing 2° 49’ north as seen from the 
earth’s center. Saturn occults two faint 
stars this month; details are given else- 
where in this Celestial Calendar. 

Uranus is a 6th-magnitude object in 
Cancer, located about 36’ north of Delta 
Cancri on May 15th. It is visible with 
binoculars in the western sky in early 
evening. 

Neptune is retrograding in eastern 
Virgo, about 14° southwest of Kappa Vir- 
ginis in midmonth. This 8th-magnitude 
planet may be seen in a small telescope 

on F 


as a disk 2”.5 in diameter. 


Artificial satellite observers should use 
the star chart in this issue for early eve- 
ning observations; morning observers will 
find the chart from a September issue 


W. H. G. 


useful. 





MERCURY ©@ 

MARS 4 
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SATURN 


NEPTUNE 


MINOR PLANET PREDICTIONS 

9.4. April 27, 16:02.6 
15:54.1 —34-53; 17, 
15:34.i —33-35. June 


Eunomia, 15, 
~ 35-07. May 7, 
15:44.3 — 34-23; 27, 
6, 15:24.8 —32-36; 16, 15:17.1 —31-29. 

Lampetia, 393, 9.9. April 27, 16:03.0 
—12-59. May 7, 15:57.7) —10-57; 17, 
15:50.3 —8-50; 27, 15:42.2 —6-49. June 
6, 15:34.7 —5-03; 16; 15:29.0 —3-42. 

Hertha, 135, 9.9. May 7, 16:39.7 —26- 
05; 17, 16:31.7 —26-03; 27, 16:21.7 —25- 
49. June 6, 16:11.0 —25-26; 16, 16:01.3 
— 24-57; 26, 15:53.7 —24-27. 

Ausonia, 63, 9.1. May 17, 17:28.8 —33- 
13; 27, 17:20.9 —34-00. June 6, 17:10.8 
— 33-59; 16, 16:59.9 —33-38; 26, 16:50.2 
— 33-02. July 6, 16:43.3 —32-16. 

After the asteroid’s name are its number and the 
magnitude expected at opposition. At 10-day intervals 
are given its right ascension and declination (1950.0 
for 0" Universal time. In each case the motion of 
the asteroid is retrograde. Data are supplied by the 


IAU Minor Planet Center at the University of Cin- 
cinnati Observatory. 


MOON PHASES AND DISTANCE 


Full moon May 3, 12:23 
Last quarter May 10, 14:37 
New moon May 18, 19:00 
First quarter May 26, 4:38 
Full moon June 1, 20:55 


May Distance Diameter 
Perigee 2, 6" 223,400mi. 33’ 14” 
252,000 mi. 29” 28” 
Perigee 30, 7° 226,300 mi. 32’ 49” 
June 
lk. 5 


Apogee 14, IP 


251,300 mi. 29’ 33” 


Apogee 





The latest 


? 
Spitz MODEL A-1 
PLANETARIUM 
has been shipped to 


District of Columbia 
Public Schools 


Washington, D. C. 
* 


Spitz Laboratories 
Inc. 
YORKLYN, DELAWARE 
Phone: CEdar 9-5212 
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NOW — THE DELUXE 4° DYNASCOPE Reflector 


with ADVANCED Precision Features Offers 
You a Truly Amazing Telescope COMPLETE 


8 ‘ © © For Only $79” 


f.o.b. Hartford, Conn. 
Shipping Wt. 21 Ibs. 
Express charges collect 





Compare these advanced features with 


any telescope at double the price! 


(1) FOUR-INCH PARABOLOIDAL PYREX MIRROR — Finished to exacting specifica- 
tions and guaranteed to perform to Dawes’ limit for this size of instrument. 
Aluminized and zircon-quartz overlaid to insure maximum protection and last- 


ing use. The 4-inch mirror gathers one-third more light than a 32-inch mirror. 


(2) IMPROVED EQUATORIAL MOUNTING 


pounds, guaranteed vibration free. Wing clamp shown in the inset provides 


Rugged cast iron, weighing about 12 





a 


Inquire for details of con- 
venient Time-Payment Plan. 









TRIPOD 
/, /| EQUIPPED 
/} WITH 
CROSSTIE 
BRACE 











(3) EYEPIECE MOUNT 


easy change of latitude setting if you move to a new observing station. Free- 
moving polar and declination axles are 5-inch steel, supported on four 
bearing surfaces, guaranteed to have necessary smoothness in operation. 
Friction clamp for declination and large knurled brass adjustment for right 


ascension. 


-Standard 1% inch with exclusive double-draw and 
rack-and-pinion focusing. Adjustable for three inches of travel to accom- 
modate any eyepiece, positive or negative. Built-in diagonal mirror has a 


surface finished to ge wave 


(4) THREE EYEPIECES 
Orthoscopic, giving powers of 65x, 130x, and 195x. 


18-mm. Huygens, 9-mm. achromatic Ramsden, 6-mm. 


(5) ACHROMATIC FINDER 


view. New two-posted bracket holds finder to main scope. Six adjust- 


4-power with crosshairs; extra-large field of 


ing screws allow extra-fine setting and easier collimation of finder. 
(6) COVERS for eyepiece tube and open end of the telescope itself. 
(7) BAKELITE TUBE beautifully finished in gray wrinkle enamel. 


(8) IMPROVED TRIPOD 
against each other. Sturdy, balanced, providing perfect portability. 


Natural-finish hardwood legs, folding 


THE SUPERIOR 4-INCH TELESCOPE. Prove it yourself at NO RISK! 


Here is the scientific instrument that serious amateurs have been waiting 
for — with a full warranty of high performance at low cost! 

Now you need not spend $150 and up to be sure of excellent observing. 
Nor do you need to go to the time and trouble of building your own tele- 
scope to get the most value for your money. For the dollars-and-cents facts 
about the DeLuxe Dynascope are these: 

The advanced precision features are those you would select for yourself. 
Buying them singiy, as an individual, you could never beat our low price. 
You could not hope to surpass the mechanical excellence and ruggedness 
that have been engineered into this superb instrument to meet the most 
exacting standards! Our instrument has been tested and approved by staff 
members of leading planetariums. 

The Deluxe Dynascope comes to you complete with every part and 
feature exactly as described and illustrated here. Each instrument is care- 
fully triple-tested before shipment and is accompanied by the inspector's 


performance report. Specially packed, it is ready to be set up for observing 
a few minutes after unpacking. Shipment is f.o.b. Hartford, Conn., express 
charges collect (weight 21 pounds). There is nothing else to buy, no added 
costs, no extras of any kind needed. 


YOU WILL BE DELIGHTED—OR MONEY BACK! 


Prove to yourself — without risk — how good the DeLuxe Dynascope really 
is. Order it now. Try it at your own pleasure. Compare its performance 
with that of any other telescope at double the cost or more. It will delight 
you and exceed your every expectation — or simply return it within 30 days 
for a full refund. But don’t delay. As you know, quality engineering of 
precision instruments does not permit mass production. Consequently the 
supply is limited. To assure yourself of an early delivery, send your check 
or money order today! 


CRITERION MANUFACTURING COMPANY 


Manufacturers of Quality Optical Instruments 


DEPT. STD-47, 331 CHURCH ST., HARTFORD 1, CONN. TEL.: CHAPEL 7-1696 — CABLE ADDRESS: CRICO 
(gS LS Ne ANI LT TL, cae a 
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STARS FOR MAY 


The sky as seen from 


latitudes 30° to 


0° north, at 9 p.m. and 8 p.m., local 


time, on the 7th and 


23rd 


of May, re- 












30° HORIZON 


spectively. For other dates, add or sub- 
tract 4 hour per week. 

Ursa Major dominates the sky at the 
zenith these May evenings. The names of 
its seven Big Dipper stars are worth 
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MILKY WAY BOUNDARIES 


learning. stars 


meridian 


Other bright near the 
of this chart are Caph and 
Schedir in Cassiopeia, Polaris and Kochab 
in Ursa Minor, Cor Caroli in 

tici, and Denebola in Leo. 
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ITEM #1 


Only 4.95 Down 


12.5-mm., or 20-mm. eyepieces. All available from Lafayette. Over-all size 
SES: RE. lt TENCE AE ee ae Need Sn ae". Wile teens Gan 105 On. bes aad eee 
F-331 2x Barlow lens for use with above. Shpg. wt. 2 Ibs. Net 9.95 only, 2 Ibs.; mirror assembly only, 34 Ib. Shipping weight 6 Ibs. 


parts and 
objective is a hard-coated Fraunhofer type with a clear aperture of 50 mm., 


apparent field of view 68°. 


0-90-0 in 5 
mirror, 
will. 
each axis. 
as a fine rich-field telescope 
a 9x to 70x astronomical telescope by use of 2x Barlow lens and 6-mm., 9-mm., 


yette’s EXPLORER — professionally designed and produced 
lenses meets the specifications for the MOONWATCH project. 
focal 
mm., gathering about 50 times as much light as the dark-adapted eye. 
10.3 magnitude. The eyepiece is a 6-element, coated Erfle type, 
Magnification is 6.2x, exit pupil 8 mm., 
eyepiece has a I-mm. wire in its field to define the meridian. 
to set eyepiece. 
bearings of brass and stainless steel. 
increments to show telescope setting. 
95 mm. x 50 mm., set at 45° to the axis. 
Mount may be bolted to a base or mounted on standard tripod. Positive locks on 
Entire tube may be withdrawn from mount and hand held. May be used 
a wide-field finder scope a 6x telephoto lens 


Extremely bright, 






Explorer by LAFAYETTE 


not a collection of ‘‘surplus’’ 
The achromatic 
length 
Faintest discernible 
focal length 30 mm., 
real field of view 11°. 
Spiral focusing with locking 
Body tube and fork-type altazimuth mount of light-weight metal alloy. 
Altitude scale fitted to the trunnion sleeve reads 
first-surface, aluminized 
Lever clutch permits removal of mirror at 


A) 









Lafayette’s 160x, 62-mm. 


@ 800-mm. Focal Length @ 62-mm. Objective 


@ Micromotion adjustments on both axes 


@ Coated optics throughout @ Equatorial mount 

Latest in a long line of Lafayette refractors at reasonable prices. 
Polaris is recognizable in the following specifications. Objective: 
hard coated, 62.5 mm., 800-mm. focal length. 
faintest discernible star 10.7 magnitude. 


¥ naked eye, resolving power 2 seconds, 

are hard-coated Huygenians. Onl 
Finder scope is 6x, 30 mm. Equatorial mount with slow-motion controls in right ascension y 

and declination. Tripod head with latitude adjustment. Clamp lever for declination and 7.95 

inclination. Accessories include sunglass, star diagonal, erecting prism, sun projection screen, Down 

field tripod, and wooden case. Magnifications of 160x, 88x, and 40x. Rack-and-pinion focusing. 

Heavy plating used throughout to prevent rusting. Shipping wt. 30 Ibs. 

aE a aiaddasessdtigsihinnsiessinicaoshsnininanloiioninnbiaognl Net 79.50 — 


The unusual value of the 
Fraunhofer-type achromat, 
Collects about 75 times as much light as the 
All eyepieces 








132x, 2.4" 


59°° 


Only 5.95 Down 


@ 800-mm. Focal Length 
@ 2.4” Objective Lens 
@ Slow-motion controls 






All-new 1958 version of Lafayette’s 
famous 2.4’ refracting telescope. A 
fine instrument for the amateur astronomer. Fully coated and corrected for coma 
and for spherical and chromatic aberration. Fork-type altazimuth mount has slow- 
motion controls for both altitude and azimuth. Focusing by means of drawtube, 
rack-and-pinion drive with coaxial knobs. Body tube of white enameled duraluminum. 
Moving parts of heavily chrome-plated brass. Includes 5x 20-mm. focusing view 
finder with etched crosshairs. 4 coated eyepieces: 6 mm., 9 mm., 12.5 mm., 20 mm. 
Sunglass, erecting prism, star diagonal, wooden cabinet, tripod with chain brace. 
Optics: objective lens 62 mm., focal length 800 mm. Shipping wt. 25 Ibs. 


NPRM sais sstessoncecaksaencabcekonvustpeekine gan batesdssavesucust onc svapsusecenezecteces buses caspase Net 59.50 


165- 


yi 


USE OUR EASY PAYMENT PLAN 


314" REFLECTOR 


An extremely fine, compact, profession- 
ally designed and produced 314” re- 
flector. Primary mirror is aluminized 
and quartz overlaid. Secondary mirror 
is also an extremely bright, aluminized, 
first-surface element. Exceptionally low 
light loss due to high reflectivity and 
care in adjustment of secondary mirror. 
Highly achromatic system. Resolving 
power 1.4 seconds. Faintest discernible 
star 11.4 magnitude. Finder scope 4x. 
Eyepieces are a 20-mm. coated Ramsden 
and a 9-mm. coated Huygenian-Mitten- 
zwey. All-metal construction. Body tube 
white enameled. Altazimuth fork-type 
mount with clamps in both axes. 17” 
metal table tripod. Mount may be re- 








moved for use with field tripod. Ship- @ Prof ally designed 
ping wt. 15 Ibs. 50 Only 4.50 
BiG eset ooo Ato Net 44.50 4 Down 





@ Extremely compact @ 84x, 38x 





08 Liberty Ave. 








ONLY 10% DOWN — Easy Monthly Payments! 
A ient, ical way to buy your telescope without disturbing 











your savings. You can enjoy your telescope and pay out of future earnings. 
Down payment required is 10% — balance in small monthly payments. 





Your first payment is not due until 30 days after date of shipment. All 





carrying charges will be refunded if payment is completed within 60 days 
of shipment. No red tape — no hidden charges. A simple confidential plan 
for the convenience of Lafayette’s customers. 
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Two Private Observatories in Texas 


{ 


eae 


ASTRO-DOME, expert in the construction of observatory 
domes, has erected this 10-foot dome for an observatory at a 
home in Houston, Texas. The 8,000-pound dome is motor 
driven, rotating in a complete 360-degree circle, and has a 


full-sized entrance door. The double transverse shutters have 


TINSLEY LABORATORIES, expert in the produc- 
tion of precision instruments, has custom built 
this 24-inch Newtonian-Cassegrainian reflector 
for a private observatory in Odessa, Texas. It 
features a 4-inch telescope for photographic guid- 
ing. A 10-inch iciractor owned by the customer 
is mounted parallel to the 24-inch reflector for 
auxiliary use. The reflector has a rugged skele- 
ton tube formed of a boxed center section and 
tubular struts. Its massive mounting is of the 
cross-axis type, on two piers, permitting continu- 
ous observing through the meridian. Driving 
motors, gear trains, the right-ascension worm, 
and 36-inch ring gear are all enclosed in dust- 
free housings, In every way, this instrument is of 
the highest professional quality, suitable for ob- 
servations in a number of important astronomical 
programs. Tinsley engineering insures its trouble- 


free operation for a lifetime. 





special snow guards — a new feature of all Astro-Domes, for 
we now have special equipment permitting us to fabricate 
the intricate shapes required. Astro-Domes come in sizes up 
to 72 feet in diameter, and can be designed to your specific 


needs. May we assist you with your installation? 





As experts in domes and telescopes, Astro-Dome and Tinsley Laboratories now make possible a complete observatory from telescope to 


housing at a cost that will be pleasantly reasonable. Write either company for details. which will be furnished without obligation. 


ASTRO-DOME manuracrurine, INC. 


Box 217, Station A, Canton 5, Ohio 
Telephone: GLendale 4-2755 


+ Jinsle 


2530 Grove St., Berkeley 4, Calif. 
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Amateur and professional astronomers alike continue to proclaim their enthusiasm and hi 
praise for UNITRON's new 6-inch Refractor. And little wonder — for this latest and larges! 
UNITRON offers features, precision, and performance usually associated only with custo 
built observatory telescopes of much larger aperture. Here, indeed, is the ideal telescof 
for the serious observer and for the school and college observatory. 


Imagine yourself at the controls of this 6" UNITRON — searching the skies, seeing mo 
than you have ever seen before, photographically recording your observations — truly, 
the intellectual adventure of a lifetime. 

See pages 366 and 367. 
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